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Atrffpa  pabmata,,  Morris  &  Sharpe.1  Palaeozoic  rocks.. 

PI.  X.  f.  3.  I 
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PL  xi.  f.  2. 
Hawkmaii,    Morris    &    Sharpe. 

PI.  XL  f.  1. 
Orbiffmut  Morris  Sl  Sharpe.    PI. 

xi.  f.  3. 

Terebratula  Menardi 
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Paleozoic  rocks. 

Palaeozoic  rocks. 

Palaeozoic  rocks 

Palaeozoic  rocks 

Palaeozoic  rocks.. 

Palaeozoic  rocks.. 
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Falkland  IsUnds., 

Falkland  Islands.. 
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Falkland  Islands.. 

Falkland  Islands.. 

Falkland  Islands.. 

Falkland  Islands.. 

Falkland  Islands.. 
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384 
384 
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420 
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from  the  powder,  81. 
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B<ioklaad,  Dr.,  on  nodalcs  found  on  the 

shores  of  Lough  Neagh,  103. 
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Mr.  Lyell  on  tlie  footsteps  of  animals 

in,  417. 
Coal  period,  temperatore  of,  87. 
CoUyhiirst»  section  of  coal-measures  and 

new  red  sandstone  at,  20. 
Coniferous  wood  in  the  coal  formation 
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200 ;  in  Denmark,  202 ;  in  Sweden 
and  Norway,  204 ;  in  North  America, 
205.  Glaeier  action,  206.  Mr.  Hop- 
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fication of  the  fossiliferous  slates  of, 
106. 

• general  description  of  the  coal- 
field of,  13. 
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Logan,  Mr.,  on  the  packing  of  ice  in 
the  river  St.  Lawrence,  the  landslips 
in  its  valley,  and  marine  shells  there 
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southern  states  of  North  America,405. 

on  the  footmarks  in  the  Pennsyl- 

vanian  coal-measures,  417. 
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Massachussetts,  U.S.,  footmarks  from 

the  new  red  sandstone  of,  38. 
Merthyr  Tydvil,  on  the  strata  called 

*  Jackstones'  at,  131. 
Microscopic  shells  found  in  the  lias,  30. 
Mines  of  Iowa  and  Wisconsin,  U.S.,443. 
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in  Cutch,  103. 
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Nfoeomiaa  beds,  notice  of,  55.  5m  mlso 

Greeniuid,  Lower. 
New  red  tandfttoiie  of  Lanciihire  and 

Cbeihire,  Mr.  Biiniey  on,  12. 

—  Dr.  Blade  oo  a  slab  with  footsteps 
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New  red  sandstone  of  Storton,  Mr. 
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eoai  beds  of,  1. 
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logy of,  283. 

Nora  Scotia,  notices  of  fossils  found  in 
the  coal  formation  of,  by  Mr.  Daw- 
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ERRATA. 

Page  227,  line  31,  for  39  read  68. 

—  228,  —     9,  for  "  b  and  rf"  read  Strata  No.  2  to  6. 

—  230,  —   38,  for  kevigata  read  lavigatus, 

—  231,  —     1,  for  group  resid  dipisioH. 

—  „     — -     2,  for  150  read  about  120. 

—  „     —     7,  for  150  read  70. 

—  „     —  33,  for  No.  60  read  "  57  to  61." 

—  232,  —   12,  for  69  read  67. 

—  234,  —     3,  cancel  "  Hampshire  batifC*  over  the  5th  column  of  diagram, 

and  extend  over  it  the  heading  of  the  4th  column,  viz.  **  dwU 
non  of  CuvicTj  S(c." 

—  „     —     8,  for  lacustrine  read  laeustre. 

—  236,  —     2,  for  group  read  division, 

—  „     —     1  and  1 1,  for  c  read  No.  3. 

—  239,  —  48,  omit  but, 

—  243,  —     9,  for  thertfore  read  probably. 

—  246,  —  36,  after  **  following**  insert  which  species,  and  also  the  greater 

part  ^  those  in  the  above  list,  are  from  the  strata  No,  56  to 
6)  qf  Headon  Hill  and  ColweU  Bag. 

—  247,  —     9,  insert  /  before  L. 

—  „     —   13,  place  M,  buccinoidea  under  M,  annularioides,  and  not  in  the 

same  line  with  it. 

—  255,  —  29,  omit  north,  and  for  side  read  and. 


CORRIGENDUM. 

At  page  69,  in  the  abstract  of  a  paper  by  the  Rev.  D.  WOIiams,  it  is  stated  that 
**  the  son  and  rotten  condition  of  the  Syenite  has  no  doubt  obtained  for  it  the  name 
of  pottle  stone,  by  which  it  is  locally  known,  since  it  was  formerly  wrought  for 
skins  and  other  culinary  vessels.^'  This  does  not  give  a  proper  view  of  the  author's 
meaning.  He  intended  only  to  infer  from  the  name  of  'pottle  stone'  locally 
applied  to  the  rock  in  question,  which  is  a  free-working  talcose  or  steatitic  Syenite, 
that  it  might  have  been  formerly  worked  for  culinary  purposes. 
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Joseph  Yelloley  Watson,  Esq.,  Professor  Thomas  Graham,  M.A., 
and  John  CoUis  Nesbit,  Esq.,  were  elected  Fellows  of  the  Society. 

The  following  communications  were  read  : — 

1.  On  ike  Co  Ah  B£ds  o^  Lower  Normandy.    By  R.  A.  C.  Austen, 
Esq.,  B.A.,  F.G.S. 

Several  tours  in  Lower  Normandy  have  enabled  me  to  observe 
the  geological  structure  of  that  district,  and  to  trace  the  distribution 
of  fossil  forms  through  several  groups  of  strata.  It  was  my  inten- 
tion to  have  embodied  these  facts  in  two  separate  memoirs,  of  which 
one  would  have  related  to  the  Palaeozoic  group,  and  the  ether  to  the 
Cretaceous;  but  in  the  autumn  of  1844  I  revisited  many  parts  of 
Belgium  and  Rhenish  Prussia,  and  have,  in  consequence,  been  in  - 
duced  to  alter  my  original  plan  of  describing  the  Cotentin  and  part 
of  Calvados  separately ;  and  instead  of  this  1  now  propose  to  lay 
before  the  Society  two  general  memoirs  on  those  two  groups,  as  they 
are  developed  in  Western  Europe.  I  have  therefore  detached  the 
short  notice  of  the  Littry  and  Plessis  coal-fields,  which  form  the 
subject  of  the  present  communication,  from  the  memoir  of  which  it 
originally  formed  part 

My  last  visit  to  Lower  Normandy  was  in  the  autumn  of  1 843.  I 
had  Uien  expected  to  find  that  a  line  of  section  taken  northwards 
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from  about  Balleroy  as  far  as  the  coal-mines  of  Littry  would  have 
given  a  good  ascending  section,  and  have  exhibited  the  distinct 
relations  of  a  true  carboniferous  series,  to  the  older  slate  rocks  of 
Calvados :  such  however  was  not  the  case.  The  road  in  this  direc- 
tion lies  partly  through  the  forest  of  Cerissy,  across  a  tract  which 
preserves  a  very  uniform  level,  and  which  is  covered  superficially 
with  accumulations  of  siliceous  grits  rounded  into  pebbles,  mixed 
with  sand,  clay  and  fragments  of  slate ;  enough  however  is  seen  to 
satisfy  one  that  the  slate  system,  without  any  change  in  character,  is 
carried  on  along  the  whole  line  of  this  section. 

Previous  to  my  last  visit  to  this  part  of  France,  I  had  considered  that 
the  several  small  patches  of  coal,  which  have  long  been  known  to  exist 
in  the  departments  of  Calvados  and  La  Manche,  belonged  to  the  true 
carboniferous  period.  Considerations  have  since  suggested  themselves, 
which  induce  me  to  think  that  they  may  be  of  a  subsequent  age. 

The  strike  of  the  slate  rocks,  in  every  place  in  which  I  could  ob- 
serve it,  ranged  steadily  about  east  and  west,  whilst  the  apparent  dip 
or  bedding  (for  I  must  admit  that  it  is  most  difficult  to  determine 
this)  seemed  northerly,  and  often  highly  inclined,  as  far  as  near 
Littry.  The  coal-mines  at  this  place  are  not  situated,  as  descriptions 
had  led  me  to  suppose,  in  a  depression  of  the  slate  districts :  it  is 
true,  they  occupy  a  low  position  with  relation  to  some  of  the  adja- 
cent country,  but  their  real  position  is  at  the  extreme  boundary  of 
the  older  rocks,  and  where  the  new  red  sandstone  series  abuts 
against  them.  M.  Herault  has  fully  described  this  coal-field  in  the 
ninth  volume  of  the  ^Annales  des  Mines,'  and  states  that  the  works 
are  conducted  on  one  seam  only,  which  is  about  three  feet  thick : 
this  I  had  not  any  opportunity  of  verifying,  but  from  the  size  of  the 
blocks  of  coal  which  are  raised,  the  thickness  of  the  seam  must  be 
very  considerable.  The  coal,  or  at  least  such  as  I  saw,  was  of  in- 
ferior quality,  dull,  earthy  and  pyritous,  with  occasional  compact 
and  shining  seams  in  the  plane  of  the  bedding.  My  conviction  is,  that 
the  beds  with  which  this  coal  is  associated  form  no  part  of  the  older 
group  of  strata  (whether  slates  or  siliceous  grits),  which  are  every- 
where highly  inclined,  whilst  the  former  are  horizontal,  or  nearly  so. 
M.  Herault,  in  the  memoir  above  alluded  to,  gives  sections  of  seve- 
ral workings  which  appear  to  have  been  carried  through  the  entire 
thickness  of  this  small  coal-field,  according  to  which  its  component 
strata  rest  on  the  edges  of  highly  inclined  slates  and  grits,  such  as 
compose  the  district  to  the  north,  preserving  their  east  and  west 
strike  beneath ;  so  that  the  coal  strata  must  evidently  have  been 
deposited  subsequently  to  the  elevation  and  disturbance  of  the  older 
series.  I  think  that  it  is  unnecessary  to  establish  for  all  this  part  of 
France  any  other  division  than  that  adopted  by  M.  Dufrenoy ;  and  as 
it  is  on  the  edges  of  the  uppermost  of  the  older  beds  that  the  carboni- 
ferous strata  of  Littry  are  found,  the  latter  cannot  be  identified  with 
the  black  carbonaceous  slate  of  the  department  of  La  Manche,  so  rich 
in  Orthocerata  and  Crinoidea,  or  with  the  Anthracites  of  Brittany, 
with  which  I  thought  at  one  time  they  might  be  contemporaneous*. 

*  M.  Alex.  Brongniart  refers  the  coal  of  Littry  to  his  aathracitic  group.    See 
Tableau  det  Terrainty  p.  270. 


1845.]  ADSTEN  ON  THE  COAL  BEDS  OP  NORMANDY.  3 

The  character  and  general  aspect  of  beds  associated  with  coal,  of 
whatever  age,  from  the  oldest  to  the  most  recent,  are  so  strikingly 
uniform,  that  it  is  a  waste  of  time  to  attempt  to  define  the  age  of  any 
giren  deposit  by  means  of  such  comparisons.  All  considerable 
masses  of  coal,  of  every  period,  seem  to  have  been  formed  under 
like  conditions ;  conditions  which  have  been  local,  and  only  a  little 
less  so  at  the  period  of  the  true  coal-measures,  than  at  previous  and 
subsequent  ones. 

Bat^  although  independent  of  the  great  mass  of  older  rocks  of  this 
part  of  France,  the  coal  strata  of  Littry  might  still  belong  to  the 
true  coal-measures.  At  the  time  when  I  first  doubted  the  accuracy 
of  this  reference,  I  had  no  means  of  inquiring  how  far  the  evidence 
from  the  vegetable  remains  had  fixed  their  age.  This  I  have  since 
been  able  to  do,  and  the  result  is  in  strict  accordance  with  that  de- 
rived from  other  considerations.  Remains  of  plants  are  certainly 
very  rare  at  this  place ;  but  I  did  not  expect  to  find  that  it  had  only 
afforded  two  species  to  M.  A.  Brongniart  s  great  work  on  fossil 
plants,  namely  Calamiies  Luckawii,  van  /3.  p.  124.  pi.  16.  f.  2,  4 ; 
and  Calamiies  eruciatuSy  p.  128.  f.  19. 

On  the  other  hand,  as  has  been  observed  by  M.  Dufrenoy,  coni- 
ferous wood  is  found  in  abundance, — a  character  which  is  very  usual 
in  the  lower  beds  of  the  new  red  sandstone  series,  and  one  which  I 
have  frequently  remarked  in  the  west  of  England.  But  the  nume- 
rous impressions  of  ferns,  so  characteristic  and  abundant  in  the 
shales  of  every  true  coal-6eld,  are  wanting,  together  with  all  the 
other  usual  forms, — Lepidodendron^  Stigmaria^  &c.  &c.  The  new 
red  sandstone  of  all  this  part  of  France  is  equally  rich  in  fossil- wood, 
and  M.de  Gerville  particularly  pointed  out  to  me  that  of  Monteburg, 
to  the  east  of  Valognes,  as  containing  large  branched  trees. 

In  the  absence,  then,  of  any  direct  evidence  as  to  the  age  of  the 
Littry  coal-field,  the  position  and  mineral  character  of  its  associated 
beds  are  entitled  to  consideration.  Now  these  correspond  exactly 
with  those  of  the  new  red  sandstone  group  beneath,  and  at  the  edge 
of  which  formation  the  mines  are  situated  *.  It  has  never  been  pre- 
tended that  there  was  any  want  of  conformity  between  the  beds 
which  surmount  the  coal  and  those  which  immediately  contain  it ; 
on  the  contrary,  they  seem  to  form  a  consecutive  series,  and  cannot 
be  separated  into  true  coal-measures,  and  overlying  new  red  sand- 
stone (as  cases  in  this  country  might  suggest),  but  belong  entirely 
to  the  latter  period,  of  which  they  form  the  base,  the  coal  seam 
being  a  subordinate  bed. 

It  is  unnecessary  to  enter  into  like  details  with  respect  to  the  se- 
veral other  localities  in  which  coal  has  been  found  or  is  now  worked, 
in  the  departments  of  Calvados  and  La  Manche ;  as  for  instance  at 
Moon,  a  few  miles  west  of  Littry,  and  at  Plessis,  since  the  coal  oc- 
curs everywhere  under  precisely  similar  circumstances  of  position 

*  M,  Alex.  Bron^iart  remarks  on  the  resemblance  of  the  beds  which  surmount 
the  coal  to  his  **  psephite/'  or  lower  red  sandstone,  but  adds,  *'  ce  rapprochement 
ne  paroit  pas  differer  de  celui  que  M.  Herault  ^tablit  entre  cette  rocbe,  et  le  grcs 
rouge  ancien." — Tabkstm  det  Terrmm,  p.  276. 

B  2 
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aiKl  association  as  at  Littry,  being  independent  of  the  older  strata, 
and  connected  with  the  new  red  sandstone.  M.  de  Gerville  states 
that  the  Plessis  mine  has  afforded  him  about  a  dozen  species  of  Ferns 
and  Calamites,  and  these  I  had  an  opportunity  of  seeing  in  that  gen* 
tleman*s  rich  collection.  The  only  plant  quoted  by  M.  A.  Brongniart 
from  the  mines  of  Plessis  is  Neuropteris  rotundifolia^  and  this  has 
not  hitherto  been  recognised  in  any  other  locality. 

The  circumstance  which  first  suggested  that  the  coal-beds  of  this 
part  of  France  were  distinct  from  the  true  coal-measures,  was  rather 
the  relation  which  a  peculiar  porphyritic  rock  bears  to  the  several 
deposits,  than  any  considerations  as  to  position,  on  which  point  a 
mere  traveller  through  a  district  has  hardly  ever  time  to  bestow  suf- 
ficient investigation. 

Every  geologist  of  the  present  day  is  ready  to  admit  that  the  great 
erupted  masses  of  each  distinct  period  preserve,  over  areas  of  con* 
siderable  geographical  extent,  not  only  an  identity  in  composition, 
but  also  certain  obvious  external  characters  by  which  they  may  be 
recognised  at  once,  such  as  the  porphyritic  granites,  for  instance,  or 
what  is  more  particularly  in  point,  the  red  quartziferous  porphyry  of 
Exeter,  (and  the  porphyres  quartziferes  rouges)  of  Brittany  and  the 
Cotentiub  Throughout  the  latter  districts  of  France  the  eruption  of 
these  masses  has  taken  place  at  some  period  subsequent  to  the  con* 
solidation  of  the  palaeozoic  strata ;  so  much  so,  that  I  believe  MM. 
Dufrenoy  and  Elie  de  Beaumont  connect  this  outbreak  with  the 
disturbance  which  closed  that  great  period.  This  view  is  indeed 
founded  on  facts  gathered  in  many  parts  of  France,  but  the  proofs  of 
it  are  more  direct  and  evident  in  the  west  of  England  than  I  found 
them  elsewhere.  An  account  of  these  porphyries  may  be  seen  in  Sir 
H.  De  la  Beche  s  "  Report  on  Devon  and  Cornwall*,"  and  in  a  me- 
moir by  myself  already  reported  in  the  Geological  Proceedings  f. 
This  red  quartziferous  porphyry  occurs  in  association  with  the  lower 
beds  of  the  several  coal-fields  of  Calvados  and  La  Manche.  M.  He- 
rault  has  particularly  noticed  it  with  respect  to  the  Littry  mines,  and 
he  also  infers  its  greater  antiquity  from  the  fact  that  it  has  supplied  the 
shingle  which  enters  so  lai^ely  into  the  beds  of  conglomerate  which 
underlie  the  coal :  at  Littry  the  strata  are  horizontal,  but  at  Plessis, 
where  they  are  much  broken,  the  disturbances  have,  I  believe,  been 
considered  by  some  geologists  to  have  arisen  from  the  intrusion  of 
the  porphyry,  just  as  we  still  find  it  stated  occasionally  that  the  erup- 
tion of  the  Exeter  porphyries  was  the  cause  of  the  Devonshire  con- 
glomerates. At  Plessis,  as  at  the  other  places,  the  mechanical  strata 
contain  portions  of  the  erupted  rock,  and  consequently  are  subsequent 
to  them.  Now  the  precise  period  of  the  appearance  of  the  red  porphy- 
ries was  at  the  close  of  the  carboniferous  series.  Their  mode  of  associ- 
ation with  the  lower  beds  of  the  Littry  deposits  is  similar  to  that  which 
has  long  been  familiar  to  English  geologists  with  respect  to  the  west 
of  England  conglomerate,  and  thus  these  Littry  beds  must  be  referred 
without  any  doubt  to  the  new  red  sandstone  period.     It  is,  however, 

♦  Report,  &c.,  p.  204.  f  Geol.  Proc,  vol.  ii.  p.  587. 
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with  these  strata  that  the  coal  seams  of  Littry,  Moon,  Plessis,  &c.  are 
associated,  and  they  must  therefore  cease  to  be  considered  as  of  the 
tme  carboniferous  epoch ;  and  my  own  impression,  after  several  visits, 
is,  that  no- deposits  of  the  latter  period  occur  in  this  part  of  France. 

The  fossil  plants  of  the  Normandy  coal  at  present  known  are, — 
1.  CcJamites  Luckowiiy  var.  j3.  of  Brong. 

This  variety,  in  the  shortness  of  the  articulations  and  in  the  di- 
stinct form  of  the  tubercles,  is  very  unlike  the  species  known  by  that 
same  from  Belgium  or  Newcastle.  Var.  /3,  it  must  be  remembered,  is 
peculiar  to  Littry ;  90  that  should  the  species  be  the  same,  the  constant 
habit  of  the  Littry  plant  implies  altered  conditions  affecting  its  growth. 
%  Calamiies  cruciaHis,  Brong.  p.  128.  pi.  19. 

Very  like  the  preceding  in  the  closeness  of  its  articulations,  but 
more  finely  ribbed.     There  seems  some  doubt  as  to  the  identity  of 
this  with  Sternberg's  species  from  Saarbruck,  and  there  are  reasons 
for  considering  it  a  true  Equisetum. 
3.  Neuropteris  rotundifoUay  Ad.  Br.  238.  pi.  70.  p.  1. 

Peculiar  to  Plessis. 

There  remain  also  a  few  more  species  which  are  new  and  unde- 
scribed.  This  flora,  as  far  as  it  goes,  comes  nearest  to  that  of  Saar- 
bruck ;  but  if  1  might  venture  on  a  comparison,  it  would  be  to  refer 
the  flora  of  the  Normandy  coal  beds  to  that  period  which  has  lately 
been  designated  as  Permian  by  Mr.  Murchison. 


To  this  account  of  the  lower  portion  of  the  pcecilitic  system  of 
Normandy,  may  be  added  one  observation  respecting  its  uppermoi^t 
beds.  On  descending  the  high  lands  of  the  older  palaeozoic  strata 
which  surround  the  town  of  Valognes,  in  the  Cotentin,  a  belt  of 
red  sandstone  and  marl  is  first  traversed,  but  the  town  itself  is 
built  on  beds  of  a  very  different  character.  This  deposit  may  be 
itudied  in  numerous  open  quarries  of  building-stone,  whose  mine- 
ralogy has  been  accurately  described  by  M.  de  Caumont;  from 
Biinend  character  it  had  been  assigned  to  various  parts  of  the 
oolitic  system,  most  commonly  to  the  Portland  beds ;  but  its  real 
position  was  always  maintained  by  M.  de  Gcrville  to  be  intermediate 
between  the  red  marls  and  the  lower  lias.  As  to  its  lower  limit, 
this  may  cleariy  be  seen  in  the  neighbourhood  of  Valognes,  but  at 
this  place  it  is  uncovered  by  higher  deposits :  at  Osmanville,  how- 
ever, and  other  places,  the  superposition  of  the  lias  to  the  Valognes 
freestone  is  visible. 

M.  Alexandre  Leymerie,  in  an  able  memoir  on  the  base  of  the 
secondary  system  of  deposits  of  the  department  of  the  Rhine,  desig- 
nates one  part  of  the  series  under  the  local  name  of  the  Choin- 
batard,  and  compares  it  with  the  freestone  of  Valognes,  adding,  *'  If 
we  were  better  acquainted  with  the  fossils  of  the  Valognes  beds,  we 
should  probably  find  that  a  certain  number  were  common  to  the 
two  deposiU.**  The  list  of  the  fossils  of  the  Choin-batard  contains 
but  few  species,  and  both  in  the  Lyonnais  and  in  Normandy  the 
specimens  are  badly  preserved  ;  but  I  was  fortunate  in  obtaining  at 
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Valognes  three  specimeDs  of  the  Diadema  globuluSf  one  of  the  most 
conimon  fossils  of  the  Choin-batard. 

The  next  point  of  interest  which  attaches  to  these  beds  is,  that 
they  everywhere  indicate  a  break  in  the  continuity  of  the  series  of 
deposits  before  the  commencement  of  the  lias.  In  Normandy  and 
the  Lyonnais  the  freestone  beds  become  compact,  and  appear  to 
have  been  again  broken  up  and  furrowed,  before  the  lias  was  thrown 
down  upon  them.  There  is  nothing  in  common  in  the  faunas  of  the 
two  deposits ;  and  we  have  also,  as  M.  de  Caumont  observes,  a  di- 
stinctly marked  interval  of  time  separating  them. 

In  iti'is  country  the  passage  from  the  red  marls  to  the  white  lias, 
and  again  to  the  lower  lias  marls,  as  seen  on  our  southern  coast,  is 
not  marked  by  any  distinct  break,  and  the  most  that  can  be  deduced 
from  the  appearances  thus  exhibited  is,  that  a  change  took  place  in 
the  conditions  under  which  certain  beds  were  deposited  as  compared 
with  others  below  them. 

When  a  great  disturbance  has  taken  place  in  the  earth's  crust, 
the  deposits  next  in  succession  must  occur  in  every  possible  relation 
to  those  last  accumulated,  but  part  of  them  may  remain  in  the  same 
position  as  before,  and  be  covered  conformably  by  beds  of  like 
mineral  character.  Such  was  the  case  nearly  with  respect  to  the 
red  marls  and  lias  marls  of  other  parts  of  England.  In  France  and 
some  parts  of  Germany  the  line  of  separation  is  broadly  drawn,  and 
in  addition  to  this  a  change  takes  place  in  the  infra-liassic  strata, 
which  clearly  indicates  a  decrease  of  depth  in  the  sea  in  which  they 
were  formed.  This  is  very  general  in  France,  and  Count  Mandels- 
lohe,  when  noticing  some  beds  of  this  age  in  Wurtemberg,  describes 
them  as  containing  great  numbers  of  undescribed  littoral  shells 
(Ampullariay  TrochuSy  Turriiella). 

The  Valognes  freestone  however,  and  the  equivalent  strata  else- 
where, are  not  without  an  exact  representative  in  this  country.  Be- 
ing some  time  since  at  Porlock  for  the  purpose  of  looking  at  the  curi- 
ous outlying  mass  of  secondary  strata  there,  I  came  upon  some  large 
blocks  of  stone,  which  were  being  used  in  building  some  cottages, 
and  found  them  composed  to  a  great  extent  of  broken  shells,  the 
smaller  ones  of  which  alone  were  perfect,  but  these  in  most  beauti- 
ful preservation.  The  beds  from  which  these  stones  had  been  taken 
1  found  to  be  intermediate  between  the  upper  red  marl  and  the  blue 
lias  shales  and  limestones;  and  they  indicate  that  for  some  time 
before  the  deposition  of  the  lias  marl,  which  is  a  deep-sea  deposit, 
there  existed  at  that  spot  conditions  which  favoured  the  accumula- 
tion of  vast  numbers  of  molluscous  animals*  The  species  are  all 
new,  chiefly  gasteropodous. 


2.  Aotes  oti  a  3ficroscopical  Examination  of  the  Chaik  and  Flint 
of  the  South-east  of  Englandy  with  remarks  on  the  Animalcules  of 
certain  Tertiary  and  modem  deposits.  By  G.  A.  Man  tell,  Esq., 
LL.D.,  F.R.S.,  F.G.S. 

[This  paper  was  withdrawn  by  the  author  with  the  permission  of  the  Council.] 
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S.  Ona  new  Species  of  Pterodactyl  found  in  the  Upper  Chalk  of 
Kent.     By  J.  S.  Bowerbank,  Esq.,  F.R.S.,  F.G.S. 
(Platb  I.) 
I  HAVE  recently  obtained  from  the  upper  chalk  of  Kent  some  re- 
mains of  a  large  species  of  Pterodactylus.    The  bones  consist  of — 

1.  The  fore  part  of  the  head  as  for  as  ahout  the  middle  of  the  eamtoM  nortum, 

with  a  corresponding  portion  of  the  under  jaws, — ^many  of  the  teeth  remain- 
ing in  their  sockets.  (See  Plate,  fig.  1.) 

2.  A  fragment  of  a  bone  of  the  same  animal,  apparently  a  part  of  the  coracoid. 

(Rg.  2.) 

3.  A  portion  of  what  appears  to  be  one  of  the  bones  of  the  auricular  digit,  from 

a  chalk-pit  at  Hailing.    (Fig.  3.) 

4.  A  portion  of  a  similar  bone,  from  the  same  locaKty  as  No.  1.    (Fig.  4.) 

5.  The  head  of  a  long  bone,  probably  the  tibia,  belonging  to  the  same  animal  as 

the  head  No.  1.   (Fig.  5.) 

6.  A  more  perfect  bone  of  the  same  description,  not  from  the  same  animal,  but 

found  at  Hailing.     (Fig.  6.) 

The  latter  specimen  appears  to  me  to  be  the  same  description  of 
hone  as  that  described  by  Professor  Owen  in  the  Geological  Trans- 
actions (2nd  Ser.  vol.  vi.  p.  41],  and  pi.  39.  Bg.  I).  The  mutilated 
condition  of  the  figured  specimen  would  not  allow  Professor  Owen 
to  speak  of  its  identity  with  the  bird  tribe  with  great  certainty,  and 
he  at  the  same  time  points  out  its  discrepant  characters. 

From  a  comparison  of  the  specimens  Nos.  5  and  6  with  the  figure 
in  the  Transactions,  and  from  my  recollection  of  the  original,  I  am 
very  much  disposed,  with  due  deference  to  Professor  Owen,  to  believe 
that  it  may  ultimately  prove  to  be  the  bone  of  a  Pferodactt/lus  in- 
stead of  a  bird ;  and  this  is  the  more  probable,  as  the  bone  in  ques- 
tion, and  the  head  and  bones  of  the  animal  now  produced,  are  from 
the  same  pit  at  Burham  in  Kent 

[^Noie  hy  the  author,  dated  Dec.  184'5.] — Since  the  above  brief 
communication  was  made  to  the  Society,  1  have  bad  an  opportunity, 
through  the  kindness  of  Professor  Owen,  of  comparing  the  bone  re- 
presented by  fig.  6  in  the  annexed  plate  with  the  specimen  belonging 
to  the  Earl  of  Enniskillen,  which  is  figured  in  the  Transactions  of 
the  Geological  Society  as  a  portion  of  the  shaft  of  the  humerus  of  a 
longipennate  bird,  and  from  the  comparison  thus  made,  I  am  the 
more  inclined  to  believe  that  the  latter  is  in  truth  the  bone  of  a 
PterodactyL  Although  the  two  specimens  differ  greatly  in  size, 
there  is  so  strong  a  resemblance  between  them  in  the  form  and 
degree  of  the  angularity  of  the  shaf),  and  in  the  comparative  sub- 
stance of  the  bony  structure,  as  to  render  it  exceedingly  probable 
that  they  belong  to  the  same  class  of  animab. 

It  is  true  that  the  bone  represented  in  fig.  6  is  not  part  of  the  group 
of  bones  associated  with  the  head,  so  as  to  be  at  once  stamped  as  be- 
longing to  a  Pterodactyl ;  but  it  is  fortunate  that  among  that  group  of 
bones  there  is  one,  fig.  5,  which  there  is  every  reason  to  believe  is 
the  head  of  a  bone  corresponding  with  that  represented  by  fig.  6, 
but  having  the  opposite  side  exposed  to  view  ;  thus  connecting  the 
latter  with  the  former  in  such  a  manner  as  to  leave  no  reat^onable 
doubt  of  their  both  having  belonged  to  the  same  class  of  animals. 
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Id  my  cominuDication  to  the  Society  in  May  last,  I  ha^e  stated 
that  I  believed  it  probable  that  these  bones  were  parts  of  a  tibia, 
but  on  a  more  careful  comparison  with  the  figures  of  Pterodactylus 
by  Gold  fuss,  1  am  inclined  to  believe  they  are  more  likely  to  be 
portions  of  the  ulna. 

It  is  unfortunate  for  the  comparison  of  the  specimens  that  the 
bone  belonging  to  Lord  Enniskillen  is  deficient  in  that  end  in  which 
mine  is  most  perfect,  and  that  the  bone  in  my  possession  wants  the 
end  in  which  the  former  is  nearly  perfect,  so  that  in  reality  the 
whole  weight  of  the  comparison  is  dependent  upon  the  similaritj 
existing  in  the  shafts  of  the  two  bones. 

The  flat  side  of  the  bone  described  by  Professor  Owen  is  rather 
more  rounded  at  that  portion  exhibited  by  cutting  away  the  chalk 
beneath  it,  but  it  gradually  becomes  less  convex  as  we  pass  towards 
the  same  relative  portion  that  is  exposed  in  my  specimen ;  and  the 
expansion  towards  the  large  extremity  of  the  bone,  represented  by 
fig.  6,  corresponds,  as  nearly  as  can  be  determined  by  the  mutilated 
condition  of  the  specimen,  with  the  large  extremity  of  the  bone  be- 
longing to  the  Earl  of  Ennbkillen. 

If  the  part  of  the  heiul  in  my  possession  (see  fig.  1 )  be  supposed 
similar  in  its  proportions  to  that  of  PterocUictylut  cratsiroHrUy — 
and  there  appears  but  little  difference  in  that  respect, — it  would  in- 
dicate an  animal  of  comparatively  enormous  size. 

The  length  of  the  head  from  the  tip  of  the  nose  to  the  basal  ex- 
tremity of  the  skull  of  P.  crassiroslris  is  about  4^  inches,  while  mj 
specimen  would  be,  as  nearly  as  can  be  estimated,  9\  inches. 

According  to  the  restoration  of  the  animal  by  Goldfuss,  P.  croi^ 
sirostris  would  measure  as  nearly  as  possible  three  feet  from  tip  to  tip 
of  the  wings,  and  it  is  probable  that  the  species  now  described  would 
measure  at  least  six  feet  from  one  extremity  of  the  expanded  wings  to 
the  other ;  but  if  it  should  hereafter  prove  that  the  bone  described 
and  figured  by  Professor  Owen  belongs  to  a  Pterodactyl^  the  probable 
expansion  of  the  wings  would  reach  to  at  least  eight  or  nine  feet. 

Under  these  circumstances,  I  propose  that  the  species  described 
above  shall  be  designated  Pterodactylus  giganteus. 


Mat  28,  1845. 

J.  A.  Hankey,  Esq.,  and  M.  Bell,  Esq.,  were  elected  Fellows  of 
the  Society. 

The  following  communications  were  read  : — 

1 .  On  the  Geology  (rfl/iciA.  By  Professor  Edward  Forbes,  F.R.S., 
and  Lieut.  T.  A.  B.  Spratt,  R.N.,  of  H.M.S.  Beacon. 

The  district  explored  by  the  authors  extends  over  two  degrees  of 
longitude  and  one  of  latitude.  It  is  chiefly  occupied  by  a  series  of 
alpine  plains  and  mountain  ridges,  broken  up  by  four  great  valleys> 
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which  open  seawards.  The  mountain  mass  of  Cragus  rises  to  7500 
feet,  that  of  the  Lyeian  Taurus  to  7000  feet,  that  of  Massicytus  to 
10,000,  Soosoos-Dagh  to  7000,  and  Mount  Solyma  to  7000.  The 
plains  or  yailaJis  which  these  mountain  ridges  wall  in,  vary  in  ele- 
vation from  2000  to  6(XX)  feet  above  the  sea.  They  have  no  out- 
lets ;  the  rivers  which  water  them  pour  into  caverns,  and  reappear 
again  at  the  bases  of  the  mountains  in  the  low  country  near  the  sea* 
Geologically,  they  appear  to  be  valleys  of  elevation. 

Sedimeniary  rocks. — The  oldest  stratified  rock  in  Lycia  is  the 
Scaglia  or  Apennine  limestone^  usually  referred  to  the  cretaceous 
epoch.  It  forms  the  great  mass  of  the  country  and  the  highest 
mountains,  10,000  feet  above  the  sea;  it  is  usually  a  cream-coloured 
compact  limestone,  sometimes  a  gray  or  pink  stone  of  looser  texture, 
and  in  places  brecciated.  In  Milyas  it  degenerates  into  a  soft 
chalky  limestone,  resembling  chalk,  and  difficult  to  distinguish  from 
the  freshwater  tertiary  limestones.  Near  Lake  Caralitis  the  harder 
and  sofler  beds  of  the  scaglia  are  interstratified  :  the  more  compact 
scaglia  is  usually  very  thick -bedded.  The  strata  dip  at  all  possible 
angles,  and  are  oflen  much  disturbed  and  contorted:  the  dip  is 
generally  from  the  axis  of  the  mountain  chains.  Fossils  are  very 
scarce.  Nummulites,  Pectens^  and  corals  of  the  genus  Astrtsa  were 
found  in  it  Strata  of  greenish  sandstone  or  shale  (macigno  ?)  rest 
upon  the  scaglia,  in  most  cases  conformably  :  they  contain  traces  of 
vegetable  impressions.  A  coarse  green  gravelly  sandstone  near 
Almalee,  apparently  of  the  same  age  with  the  shales,  contains  Num- 
mulites. 

Marine  tertiary  beds  are  met  with  at  four  localities  in  Lycia,  viz, 
Saaret  near  Antiphellus,  Gendevar,  Armoutlee,  and  near  Arsa. 
They  are  probably  all  of  the  same  age,  and  contain  numerous  fos- 
sil:*:  they  consist  of  marls,  shales  and  conglomerates.  Thirty- 
four  species  of  mollusca  were  collected  in  these  beds,  of  which 
twelve  were  identical  with  or  nearly  allied  to  Bordeaux  species, 
three  or  four  were  Sicilian,  and  two  identical  with  Touraine  fossils 
in  Mr.  LyelFs  collection.  The  beds  at  Saaret  are  elevated  2500 
feet  above  the  sea,  those  at  Gendevar  2700,  those  at  Armootlee 
6000,  and  those  at  Arsa  between  2000  and  3000  feet  The  authora 
regard  these  marine  tertiaries  as  belonging  to  the  miocene  period. 

Freshwater  tertiaries  are  extensively  develoj>ed  in  Lycia,  espe- 
cially in  the  great  valleys.  They  consist  of  beds  of  white  marl  and 
limestone,  usually  capped  by  conglomerate ;  they  are  often  300  to 
400  feet  thick ;  fossils  are  found  in  them  in  the  valley  of  the  Xan- 
thus  and  near  Cibyra.  A  Limneusy  identical  with  the  Adelina  elegans 
of  Cantraine,  another  species  allied  to  L,  hmgiscatuSy  an  undescribed 
Paludinay  a  Planorhis  and  some  species  of  Unioy  were  the  principal 
forms  observed.  In  these  tertiary  basins  the  beds  are  horizontal  in 
the  centre,  and  inclined  towards  the  sides ;  they  are  regarded  by  the 
authors  (from  a  comparison  with  the  other  freshwater  tertiaries  of 
Asia  Minor)  as  subsequent  to  the  marine  beds,  and  probably  of  the 
older  pliocene  period. 

Extensive  deposits  of  more  recent  origin. also  occur.     The  great 
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plain  of  Pamphylia  b  composed  of  travertine,  resting  probably  on 
marine  tertiaries,  and  forming  cliffs  from  twenty  to  eighty  feet  high* 
Igneous  rocks  are  not  unfrequent,  and  their  presence  is  evidently 
connected  with  the  disturbances  of  the  mountain  masses.  Around 
the  Gulf  of  Maori  hills  of  schistose  serpentine  occur,  rising  up  amidst 
the  scaglia,  and  probably  of  older  date.  This  rock  extends  far  into 
Curia.  A  serpentine,  apparently  newer  and  disturbing  the  scaglia, 
is  seen  among  the  mountain  passes  on  the  confines  of  Phrygia  and 
near  Cibynu  A  serpentine,  apparently  of  the  same  age  with  the  last, 
appears  near  Olympus,  and  bears  up  masses  of  the  scaglia.  At  the 
junction  of  the  two  rocks  is  the  Yanar,  a  stream  of  inflammable 
gas,  famous  as  the  Chimaera  of  the  ancients,  and  first  discovered  in 
modem  times  by  Captain  Beaufort  Greenstones,  porphyries  and 
amygdaloids  are  seen  in  many  localities  around  Mount  Solyma,  some 
of  them  more  recent  than  the  newest  serpentines,  of  which  they 
contain  included  fragments. 

The  authors  draw  the  following  conclusions  from  their  examini^ 
tion  of  the  geology  of  Lycia  : — 

The  first  epoch  indicated  is  that  of  the  formation  of  the  scaglia, 
which  was  probably  deposited  as  very  fine  sediment  in  a  deep  sea. 
This  we  infer  from  the  mineral  character  of  the  rock,  its  uniformity, 
the  extreme  scarcity  of  fossils  in  it,  and  when  organic  remains  are 
present  from  those  being  mostly  foraminifera,  such  as  the  Nummu- 
lites,  especially  such  species  as  from  their  thin,  flat,  wafer-like  forms 
and  large  size  were  not  adapted  for  shallow  water.  The  scaglia  is 
usually  referred  to  the  cretaceous  sera ;  but,  judging  from  the  singular 
assemblages  of  fossils  found  in  some  parts  of  it,  as  at  Mount  Leba- 
non, and  from  its  great  thickness,  extent  and  uniformity  of  mineral 
character,  it  is  not  improbable  that  it  was  a  formation,  the  deposi- 
tion of  which  went  on  without  interruption  in  the  depths  of  a  great 
ocean  during  the  whole  of  the  secondary  epoch. 

The  hbtory  of  the  sandy  beds  which  rest  upon  the  scaglia  is  more 
difficult  to  understand,  unless  we  suppose  a  considerable  and  sudden 
change  of  level  of  the  sea-bed  previous  to  their  deposition,  and  be- 
fore the  conversion  of  the  cretaceous  sea  into  land,  which  we  must 
suppose  to  have  happened  before  its  depression  to  form  the  bed  of 
the  miocene  sea  in  which  the  marine  tertiaries  of  Lycia  were  de- 
posited. At  this  time  we  have  certain  evidence  that  the  higher 
peaks  and  ranges  of  the  Lycian  Taurus  and  Massicytus  were  above 
water.  The  elevation  of  the  miocene  marks  the  epoch  of  greatest 
disturbance.  From  2000  to  6000  feet  of  the  Massicytus  were  raised 
above  water,  and  the  forms  of  the  mountain  summits  must  have 
undergone  material  change.  The  next  great  event  was  the  formation 
of  the  great  lakes,  in  which  freshwater  tertiaries  were  deposited. 
The  draining  of  these  lakes,  the  thickness  of  the  deposits  formed  in 
which  indicates  the  long  and  tranquil  period  of  their  existence,  was 
effected  without  any  great  disturbance  of  their  beds,  though  con- 
siderable barriers  must  have  been  destroyed. 

Since  then  movements  of  elevation  and  depression  have  been 
going  on,  even  during  the  historical  period,  as  is  proved  by  examiua- 
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tion  of  the  monuments  on  the  coast  of  Lycia.  The  formation  of 
the  great  Pamphylian  plain  may  also  be  regarded  as  one  of  the 
latest,  though  one  of  the  most  important  events  in  the  geological 
history  of  this  part  of  Asia  Minor. 


2-  Notice  of  a  New  Family  of  Crinoidal  Animals,  called  Cystidea, 
By  Baron  Leopold  von  Buch,  For.  Memb.  G.S.  &c. 

The  Crinoidea  are  provided  with  long  arms,  penetrating  plates, 
which  together  form  a  kind  of  cup  containing  the  viscera  of  the 
animal.  These  arms,  according  to  the  discoveries  of  Mr.  Thomp- 
son, which  have  since  been  fully  confirmed  by  M.  Muiler  of  Berlin, 
m  his  beautiful  analysis  of  the  Platycrinust  have  the  ovaries  placed 
at  the  base  of  pinnules  attached  to  the  arms.  An  ovarian  orifice  in 
the  cup  would  therefore  have  been  useless,  and  is  not  present. 

In  the  most  ancient  formations  there  exist,  however,  bodies  wiih^ 
out  arms,  and  generally  of  a  nearly  spherical  form.  These  bodies, 
of  which  the  cup  closely  resembles  in  all  respects  that  of  the  Cri- 
noidea, are  always  provided  with  an  ovarian  orifice,  and  further, 
they  also  have  an  anus  by  the  side  of  the  mouth.  This  is  an  orga- 
nization different  from  that  of  the  Crinoidea,  and  it  will  be  useful  to 
collect  the  various  species  into  a  group  under  a  distinct  name. 

The  Cystidea  are  distinguished, — 

1.  By  having  the  mouth  constantly  at  the  apex  and  in  the  centre, 
which  is  rarely  the  case  in  the  Crinoidea. 

2.  By  being  provided  with  an  ovarian  orifice,  generally  situated 
in  the  upper  part  of  the  body  or  cup.  This  orifice  is  almost  always 
formed  by  five  valves,  pierced  at  their  summit  with  a  small  hole. 

3.  By  having  an  anus  not  far  from  the  mouth,  and  always  on  the 
right  of  the  ovarian  orifice. 

The  description  of  the  various  species  forms  the  subject  of  a  me- 
moir in  the  Transactions  of  the  Berlin  Academy  not  yet  published. 

The  figures  of  Caryocrinus  omatus*  are  intended  to  exhibit  the 
admirable  symmetry  of  these  bodies.  Two  large  plates  and  two 
small  ones  form  the  base.  If  from  the  intersection  of  the  large  ones, 
each  of  which  is  composed  of  two  small  ones  confluent  and  soldered 
together,  we  draw  an  imaginary  line  to  the  summit,  it  is  found  to 
pass  through  a  lateral  plate,  having  an  angle  at  its  apex,  and  not 
truncated  as  the  rest :  beyond  which  and  in  the  same  direction  is 
placed  the  mouth. 

We  have  therefore  here  a  bilateral  arrangement — a  right  and  left 
side — distinctly  shown  ;  and  this  arrangement  exists  in  almost  all  the 
Crinoidea,  especially  in  such  as  have  unequal  basal  plates,  such  as 
Platycrinus,  &c. 

*  The  figares  of  most  of  the  species  are  given,  together  Mrith  a  complete  trans- 
lation of  M.  von  Buch's  memoir,  among  the  miscellaneous  articles  in  the  present 
lumber  of  the  JoumaL — Ed. 
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The  Caryocrinus  exhibits  the  first  rudimeDts  of  these  striae  pass- 
ing from  one  plate  to  another,  which  in  several  species  are  promi- 
nent, forming  a  network  which  effectually  conceals  the  intersection 
of  the  plates,  and  deceives  us  as  to  their  structure  and  arrangement* 
It  is  these  striae  which  are  so  often  observable  on  the  Marsupites  of 
the  chalk,  and  it  is  very  much  to  be  desired  that  their  nature  and 
use  could  be  made  out. 


S.  On  the  relation  of  the  New  Red  Sandstone  to  the  Carboniferoue 
Strata  in  Lancashire  and  Cheshire.    By  £•  W.  Binney,  Esq. 

Latterly  much  attention  has  been  devoted  by  English  geologists 
in  endeavouring  to  trace  the  upper  boundary  of  the  carboniferous 
strata,  and  to  show  the  connexion  of  the  latter  with  the  beds  of  the 
overlying  new  red  sandstone  formation.  This  subject,  although  it 
has  often  been  treated  upon,  still  possesses  great  interest,  as  by  it 
alone  can  we  obtain  certain  information  with  regard  to  the  probable 
extent  of  our  valuable  coal-fields,  all  of  which,  on  their  dip,  disap- 
pear under  the  new  red  sandstone. 

At  the  Manchester  meeting  I  had  the  pleasure  of  showing  to  some 
of  the  members  of  the  British  Association  an  excavation  exhibiting 
the  lower  new  red  sandstone  in  contact  with  the  coal-measures.  In 
the  present  paper  it  is  my  intention  to  describe  all  the  similar  sec- 
tions that  I  have  met  with  in  the  counties  of  Lancaster  and  Chester. 
Before  doing  this,  however,  it  will  be  desirable  to  give  a  general 
sketch  of  both  the  new  red  sandstone  and  carboniferous  groups  on 
the  west  of  the  penine  chain.  The  new  red  sandstone  formation 
occupies  nearly  the  whole  of  the  county  of  Chester,  and  a  con- 
siderable portion  of  Lancashire. 

It  may  be  conveniently  divided  into — 

Thickness. 
Feet. 

1.  Upper  red  marls»  comprising  (according  tol 
Mr.  Ormerod*)  >  unascertained 

a.  Red  and  variegated  marls  of J 

6.  Gypseous  and  saliferous  marls   800 

c.  Waterstones 440 

2.  Bunier  tandttem  (upper  new  red)  proved 
to  be 

3.  Red  and  variegated  marlit  containing  thin ' 
beds  of  limestone,  fall  of  magnesian  lime< 
stone  fossils,  maximum   

4.  Lower  new  red  tandetone,  maximum    120 

The  deposits  marked  a  and  6,  so  far  as  they  are  yet  known,  have 
been  found  to  be  conformable  to  each  other,  but  there  is  reason  for 
believing  that  the  latter  deposit  is  not  always  conformable  to  the 
underlying  waterstones.  The  last-named  beds  also  are  conformable 
to  the  upper  new  red  sandstone,  and  can  be  seen  at  several  places 
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gradually  passing  into  that  rock,  which  in  its  turn  is  sometimrs  seen 
passing  successively  into  the  magnesian  limestones  and  lower  new 
red  sandstone,  where  these  deposits  have  been  met  with,  but  is  more 
frequently  found  resting  on  the  carboniferous  strata  without  their 
intervention.  The  thickness  of  the  two  lower  members  of  this  for- 
mation is  extremely  variable. 

The  dip  of  the  new  red  sandstone  is  nearly  to  all  points  of  the 
compass  at  different  places,  but  in  the  east  of  South  Lancashire  and 
Cheshire  the  main  dip  is  towards  the  south-west.  On  the  west  side 
of  the  same  counties  it  is  to  the  south-east  and  north-east  Although 
at  present  do  perfect  synclinal  axes  can  be  traced,  owing  to  the 
numerous  lines  of  fault  that  traverse  the  new  red  sandstone  plains, 
scarce  any  one  can  examine  the  dips  of  the  strata  without  being 
convinced  that  all  the  forces  which  elevated  the  coal-fields  of  Lan- 
cashire and  Flintshire  in  latter  times  have  materially  affected  the 
position  of  the  new  red  sandstone  formation. 

Genercd  description  of  the  Lancashire  coaUfield. — The  carboni- 
ferous strata  commonly  known  by  the  name  of  the  Lancashire  coal- 
field occupies  the  chief  part  of  the  southern  division  of  the  county 
of  Lancaster,  and  extends  into  adjoining  portions  of  the  counties  of 
Chester,  Derby  and  York.  Coals  have  been  worked  from  near 
Macclesfield  to  Colne,  a  distance  of  about  forty-six  miles  north  and 
south,  and  from  Tarbock  to  Todmorden,  about  forty  miles  in  a  line 
from  W.S.W.  to  E.S.E.  The  latter  however  is  by  far  the  greatest 
width  of  the  field,  and  much  exceeds  its  average,  for  in  the  southern 
part  there  is  not  more  than  a  mile  in  horizontal  distance  from  the  up- 
per new  red  sandstone  to  the  millstone  grit  The  area  of  the  field 
might  indeed  be  extended  over  considerable  portions  of  the  moorlands 
of  Cheshire,  Derbyshire,  Yorkshire  and  Lancashire,  occupied  by  mill- 
stone grits,  but  I  have  only  noticed  the  country  lying  between  points 
where  collieries  are  now  or  have  been  in  operation,  not  including  the 
two  small  seams  of  coal  which  sometimes,  but  not  always,  occur  be- 
tween the  first  and  second  millstone  grits.  The  last-named  deposit 
is  the  lowest  rock  of  what  in  this  coal-field  may  be  truly  termed  the 
carboniferous  (coal-bearing)  strata,  and  can  be  conveniently  assumed 
as  their  lowest  boundary,  although  it  is  well  known  that  elsewhere 
in  England,  as  well  as  in  Scotland  and  Ireland,  coals  are  found  lying 
at  great  depths  below  them.  The  limestone  shales  of  Roecross,  Tint- 
wistle  beyond  Mottram,  and  those  of  Pendle  Hill  near  Burnley,  are 
taken  as  the  base  of  the  deposit,  and  full  6600  feet  of  strata,  termi- 
nating with  the  red  clays  lying  above  the  limestones  of  Ardwick  near 
Manchester,  and  containing  about  120  different  seams  of  coal,  have 
been  ascertained.  How  much  more  lies  under  the  new  red  sandstone 
remains  yet  to  be  proved.  This  outline  shows  the  coal-field  in  ques- 
tion to  be  the  most  perfectly  developed  of  any  in  England,  and  there- 
fore admirably  adapted  for  investigating  the  true  upper  boundar)*^  of 
the  carboniferous  strata. 

This  coal-field  may  be  divided  into  three  groups,  namely  the 
upper,  middle  and  lower. 
The  first  is  assumed,  for  the  sake  of  convenience,  to  include  all  the 
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carboQiferous  strata  lying  above  the  red  measures  of  the  Hmestones 
of  Ardwick  down  to  the  floor  of  the  four-feet  mine  of  Bradford, 
Patricrofit  and  Worsley*.  It  is  1560  feet  in  thickness,  and  contains 
five  workable  seams  of  coal,  the  highest  that  have  been  wrought  in 
England. 

The  second  commences  from  the  floor  of  the  four-feet  mine,  and 
terminates  with  the  floor  of  the  coal  distinguished  as  the  Riley  mine 
of  Oldham,  the  Daubhill  mine  of  Bolton,  and  the  Arley  mine  of 
Wigan,  well-known  as  the  last  thick  seam.  In  this  division  lie  the 
main  coals.  It  is  2910  feet  in  thickness,  and  contains,  according  to 
the  testimony  of  Mr.  Andrew  Knowlesf  (probably  the  oldest  and 
most  extensive  coal  proprietor  in  Lancashire),  twenty  seams,  which 
I  think  may  be  termed  workable  ones. 

The  third  division  includes  all  the  strata  lying  between  the  floor 
of  the  Riley  mine  and  the  limestone  shales,  and  comprises  all  the 
mountain  mines.  It  is  2130  feet  in  thickness,  and  contains  six 
seams  that  have  been  worked. 

The  upper  field  is  best  seen  at  Ardwick,  where  it  can  be  traced 
to  within  about  100  yards  of  the  upper  new  red  sandstone.  In  most 
parts  of  the  district  it  is  not  seen,  being  covered  up  by  the  upper  new 
red  sandstone.  Hitherto  no  passage  of  one  formation  into  the 
other  has  been  observed.  Its  seams  of  coal  and  rocks,  with  the  ex- 
ception of  the  beds  of  limestone,  are  variable  and  difficult  to  trace 
for  any  considerable  distance. 

The  coals  and  rocks  in  the  middle  field  alter  much  in  their  cha- 
racters If  and  are  with  difficulty  identified  at  difierent  points  in  the 
county ;  but  the  last  thick  seam,  known  by  the  respective  names  of 
the  Lower  Woodley,  Riley,  Dogshaw,  Daubhill,  Arley  and  Orrell 
mines,  is  well-known  and  easily  identified. 

All  the  rocks  and  coals  of  the  lower  field  are  far  more  constant 
than  those  of  the  other  two,  and  there  is  little  difficulty  in  tracing 
them  through  the  whole  country,  and  identifying  them  at  the  most 
distant  places. 

Most  persons  on  inspecting  the  Lancashire  coal-field  are  sur- 
prised at  the  long  narrow  tongues  of  upper  new  red  sandstone  which 
run  into  it.  These  are  generally  deep  down -throws  of  the  coal- 
measures,  which  have  been  filled  up  with  sandstone.  Their  direc- 
tion is  most  frequently  towards  the  north  and  north-west,  but  there 
is  one  at  Collyhurst  near  Manchester  which  runs  a  little  east  of 
north.  These  faults,  in  the  language  of  miners,  *'  cut  ofl*"  the  coals ; 
but  they  are  in  fact  down-throws ;  and  whenever  they  are  found  on 
the  rise  of  the  mine,  it  may  be  taken  as  a  general  rule  that  the  mea- 
sures have  been  thrown  down,  although  the  sides  of  the  fault,  from 

*  In  a  former  communication  I  inchided  all  the  Manchester  coal-field  in  the 
upper  division,  hut  I  now  consider  that  the  four-feet  coal  is  a  much  more  con- 
venient line  for  dividing  the  upper  from  the  middle  field.  See  Proceedings  of  the 
British  Association  for  Manchester  Meeting  (1842),  Trans,  of  Sections,  p.  49. 

t  Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester,  New  Se- 
ries, vol.  vi.  p.  452. 

t  Proceechngs  of  the  British  Association,  amii  eii.  p.  50, 
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having  been  long  acted  upon  by  the  water  which  deposited  the  now 
red  sandstone,  give  no  indication  as  to  whether  or  not  the  disloca- 
tion was  up  or  down. 

Omnexian  of  the  Lancashire  Coal-field  with  other  Coalfields. 

No  positive  evidence  has  yet  been  obtained  to  prove  the  continuity 
of  the  Lancashire  seams  with  those  of  Flint  or  the  Dee,  but  judging 
from  the  dips  of  the  two  coal-fields,  and  the  similarity  of  their  re- 
spective strata,  there  can  be  little  doubt  of  their  extending  under 
Uie  new  red  sandstone  formation  of  Cheshire,  and  being  connected. 
The  coab  at  Neston,  Northop  and  Bagilt  appear  to  be  identical  with 
the  thick  coab  of  the  lower  part  of  the  middle  division  of  the  Lan- 
cashire coal-field.  Unfortunately  the  great  upthrow  of  the  moun- 
tain limestone  of  Halkin  has  cut  off  the  coals  on  the  rise,  and  we 
are  deprived  of  the  sight  of  the  lower  coal-field,  which  is  so  generally 
the  most  useful  part  of  the  deposit  when  we  wish  to  identify  one 
coal-field  with  another. 

With  regard  to  the  Yorkshire  and  Derbyshire  coal-field  ♦,  there  is 
DO  doubt  of  its  identity  with  that  of  Lancashire,  the  millstone  grit 
which  forms  the  lower  part  of  both  fields  being  continuous  over  the 
hilb  along  the  line  of  the  Manchester  and  Shefiieid  Railway,  by  the 
Huddersfield  Canal,  Blackstone  Edge  and  Todmorden,  the  lime- 
stone shales  being  sometimes  seen  under  them  in  the  valleys.  In 
addition  to  this,  all  the  seams  and  rocks  of  the  lower  coal-field,  with 
their  beds  of  Pederiy  Goniatites,  &c.,  in  the  neighbourhood  of  Staley- 
bridge  and  Marple,  can  be  as  well  identified  with  those  of  Deepcar 
and  other  places  in  the  valley  of  the  Don  and  Brampton  near  Ches- 
terfield, as  they  can  with  those  of  Harrock  Hill  and  Newburgh  near 
Ormskirk. 

The  deposits  in  the  middle  of  the  coal-field,  it  has  been  already 
stated,  cannot  be  well  identified  even  in  Lancashire  at  distant  points, 
owing  to  the  change  in  the  seams  of  coal  and  the  variability  of  their 
accompanying  rocks;  and  it  is  therefore  scarcely  to  be  expected  that 
they  can  be  better  compared  with  beds  in  a  different  field.  But  the 
black  shale  coal  of  Sheffield  and  Chesterfield — the  last  thick  seam — 
can  be  identified  with  the  Riley  mine,  the  last  bed  in  the  middle  di- 
vision of  the  Lancashire  coal-field.  This  bed  of  coal  in  each  field  is 
generally  of  great  value,  both  for  its  thickness  and  quality,  and  lies 
immediately  above  about  200  yards  of  barren  shales  and  sandstones 
which  occur  over  the  lower  coals.  These  strata  have  become  well- 
known  in  both  dbtricts,  owing  to  the  fruitless  searches  which  have 
been  made  in  them  for  workable  seams  of  coal,  and  they  constitute 
a  good  line  of  boundary  to  separate  the  middle  from  the  lower  coal- 
field. 

Having  thus  obtained  some  evidence  of  the  identity  of  a  seam  of 
coal  in  the  two  fields,  there  is  little  difficulty  in  learning  how  far 
each  field  is  developed,  and  what  portions  of  each  remain  under  the 
new  red  sandstone  formation.     Probably  the  best  way  to  ascertain 

*  Transactions  of  the  Manchester  Geological  Society,  vol.  i.  pp.  78,  80. 
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the  upper  bouodarie«  of  the  carboniferous  strata  is  to  compare  one 
coal-tield  with  another ;  for,  so  far  as  I  am  aware,  no  one  in  England 
has  yet  seen  coal-measures  fairly  graduate  and  pass  into  the  lower 
new  red  sandstone  formation.  In  Lancashire  about  1490  yards  of 
strata,  terminating  upwards  with  the  red  measures  of  Ardwick, 
have  been  found  above  the  Riley  or  Daubhili  mine.  Now  what  is 
the  case  in  Yorkshire  and  Derbyshire  ?  In  the  measures  occurring 
between  the  black  shale  coal  of  Bromley,  proved  to  be  identical  with 
that  of  Sheffield  and  the  Worth  Wood  coal,  formerly  worked  by  the 
proprietors  of  the  Swinton  Pottery,  only  633  yards  of  strata  have  been 
met  with.  This  distance  is  taken  from  the  borings  made  some  years 
ago  at  the  expense  of  Earl  Fitzwilliam  in  and  near  to  his  Wentworth 
estate.  And  in  Derbyshire  I  know  of  no  more  than  600  yards  of 
measures  having  been  found  to  exist  above  the  same  coal,  so  that  if 
the  two  coal-fields  have  been  formerly  one,  we  have  evidence  that 
837  yards  more  of  the  coal-measures  have  been  exposed  in  Lanca* 
shire  than  in  Yorkshire  and  Derbyshire,  and  in  such  case  they  exist 
in  all  probability  covered  up  bv  the  new  red  sandstone  formation. 

In  the  limestones  and  red  shales  of  Ardwick  *,  we  find  both  the 
remains  of  large  sauroid  and  other  fishes,  and  an  abundance  of  fossil 
plants;  but  the  former,  as  they  are  of  little  value  in  identifying  par- 
ticular coal-measures,  it  will  not  be  necessary  to  mention.  But 
with  regard  to  the  latter,  some,  as  Neuropteris  cordcUOy  a  Ly 
dUesy  a  small  Sphenopterisy  an  undescribed  Pecopteris^  a 
phyllumy  and  two  AsUrophyUiUSy  not  yet  figured,  are  of  considera- 
ble importance.  These  plants,  especially  the  first-named,  have  been 
met  with  in  the  high  coal-measures  of  Le  Botwood  and  Uffington» 
and  in  the  Burdiehouse  strata  near  Edinburgh  (the  true  position  of 
which,  some  geologists  contend,  belongs  to  the  upper  and  not  to 
the  lower  part  of  the  field  as  first  supposed  f),  and  some  of  them 
also  have  been  pointed  out  to  me  by  Mr.  Lyell  among  the  fossils 
brought  by  that  geologist  from  the  upper  part  of  the  coal-fields  of 
North  America  and  from  Autun  in  France.  In  Yorkshire  and  Der- 
byshire I  have  not  been  able  to  discover  any  of  these  plants,  not- 
withstanding that  most  of  the  specimens  of  the  fossil  flora  are  com- 
mon to  both  coal-fields.  Although,  generally  speaking,  these  fossils 
alone  may  not  be  sufficient  to  identify  strata  at  different  points, 
still  their  absence  in  some  measure  tends  to  confirm  the  opinion 
that  the  upper  portion  of  the  Yorkshire  and  Derbyshire  coal-field 
is  not  exposed. 

The  Lancashire  coal-field  having  been  compared  with  that  of 
Yorkshire  and  Derbyshire,  and  having  been  proved  to  be  continu- 
ous with  it,  we  are  justified  in  concluding  from  analogy,  that  not 
only  is  the  North  Welch  deposit  similarly  connected,  but  that  those 
of  Shropshire,  Staffordshire  and  Leicestershire,  as  well  as  that  of 

*  Murchison's  *  Silurian  System/  p.  86. 

t  If  fossil  organic  remains  are  of  any  eindence  in  identifying  strata  at  different 
places,  the  Salopian,  Luicastrian  and  Scotch  deposits  must  be  considered  as  being 
ol  the  same  age. 
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Cumberland,  are  but  the  outcrops  of  one  vast  coal-field  lying  under 
the  new  red  sandstone  formation. 

Previous  to  describing  the  sections,  it  will  be  as  well  to  remark, 
that  there  is  great  difficulty  in  distinguishing  the  lower  new  red 
sandstone  from  some  of  the  rocks  of  the  upper  part  of  the  car- 
boniferous series,  for  which  it  has  no  doubt  often  been  taken.  In 
Lancashire  no  fossils  have  hitherto  been  found  in  the  first-named 
rock.  This  is  also  the  case  with  several  of  the  upper  sandstones  of 
the  coal-field.  The  lower  sandstone  is  however  generally  composed 
of  particles  of  silica  with  some  few  pieces  of  a  mineral  resembling 
jasper,  much  more  feebly  cemented  together  and  having  far  more 
of  a  conglomerate  character  than  any  sandstone  in  the  upper  coal- 
field. Its  grains  also  have  a  slighter  coating  of  oxide  of  iron  around 
them,  are  larger  and  much  more  angular,  and  contain  amongst  them 
few,  if  any,  of  the  large  rounded  pebbles  so  common  in  the  upper 
new  red  sandstone.  It  varies  greatly  in  colour,  being  sometimes  of 
a  deep  red,  but  occasionally  dirty  green  or  dull  brown,  and  its  thick- 
ness can  never  be  estimated  with  any  certainty  for  a  considerable 
distance. 

The  red  and  variegated  marls  with  limestones*,  representing  the 
magnesian  limestones  of  Yorkshire  and  Derbyshire,  can  generally  be 
well-determined  by  their  characteristic  fossils.  The  beds  of  limestone 
contain  little,  if  any,  magnesia,  and  in  their  appearance  and  organic 
remains  much  resemble  the  lowest  beds  of  Bolsover,  described  by 
Professor  Sedgwick  in  his  most  valuable  paper  on  the  magnesian 
limestone^  published  in  the  Transactions  of  the  Geological  Society  f. 
The  bed  in  Derbyshire  is  provincially  called  the  Fox  Bed,  and  is 
used  for  agricultural  purposes  from  the  circumstance  of  its  contain- 
ing little,  if  any,  magnesia. 

The  upper  new  red  sandstone  varies  much  in  colour,  hardness 
and  grain,  but  on  the  whole  it  must  be  considered  as  one  thick  bed, 
Muce  no  lines  of  demarcation,  except  a  few  slight  partings  of  red  and 
variegated  clays,  can  at  present  be  drawn  between  its  upper  and  lower 
beds,  so  as  to  determine  which  part  of  it  should  be  classed  with  the 
upper  portion  of  the  Permian  system,  and  which  with  the  lower 
division  of  the  Trias,  a  separation  which  Mr.  Murchison  and  M.  £. 
de  Vemeuil  have  shown  to  exist  in  other  countries  %. 

With  these  observations,  I  shall  proceed  to  describe  the  sections, 
and  show  the  relations  which  exist  between  the  three  lower  mem- 
bers of  the  new  red  sandstone  and  the  underlying  coal-measures. 

In  several  geological  maps,  especially  that  lately  published  by  the 
Society  for  the  Diffusion  of  Useful  Knowledge,  the  lower  new  red 
sandstone  and  the  representative  of  the  magnesian  limestone  are  laid 
down  in  continuous  lines  skirting  the  coal-fields  with  great  regula- 
rity. Now  these  deposits  have  never  yet  been  met  with,  so  far  as 
I  am  aware,  except  at  the  points  mentioned  in  the  following  sec- 
tions:— 

*  Trantactioiu  of  the  Manchester  Geolog;ical  Society,  vol.  L  p.  44. 

t  Second  teries,  vol.  iii.  p.  81. 

X  Quarteriy  Journal  o€  the  Geological  Society,  vol.  i.  p.  81. 
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(1.)  The  Norbury  Section  *. 


Middle  cofll-i 


Little  evidence  of  the  relation  which  exists  between  the  coal-mea- 
sures and  the  new  red  sandstone  strata  is  to  be  found  in  the  country 
lying  between  Macclesfield  and  Stockport,  the  drift  enveloping  the 
district  so  as  to  prevent  the  beds  from  being  seen.  In  the  brook- 
course  at  Norbury,  about  three  miles  south  of  Stockport,  there  was  a 
good  section  a  few  years  ago,  but  it  has  lately  been  covered  up.  On 
proceeding  up  the  stream  from  the  Macclesfield  turnpike-road  to  the 
cottage  below  the  mill,  the  uppyer  new  red  sandstone  was  seen  dip- 
ping to  the  south-west  at  angles  varying  from  10°  to  20°.  Under 
it  were  two  yards  of  red  clays  (5),  which  were  laminated  and  con- 
tained small  plates  of  mica.  I  found  no  organic  remains  in  this  de- 
posit, but  from  the  position  of  the  beds  they  were  probably  the  re- 
presentatives of  the  magnesian  limestone.  Immediately  under  these 
marls  was  a  bed  of  coarse  sandstone  (4),  five  feet  three  inches  in 
thickness.  Its  colour  was  different  from  that  of  the  upper  new  red 
sandstone,  and  it  was  composed  of  nearly  incoherent  sand  of  much 
larger  and  sharper  grains  than  the  upper  rock.  The  colour  of  it 
was  a  dirty  brown.  In  all  its  characters  it  resembled  the  lower  new 
red  sandstone,  and  I  have  therefore  described  it  as  such.  Under  the 
last-named  deposit  was  a  bed  of  reddish-coloured  clays  (3),  about 
four  yards  in  thickness  and  containing  no  organic  remains.  These 
appeared  to  belong  to  the  lower  new  red  sandstone  rather  than  to  the 
coal-measures,  as  the  latter  are  seen  dipping  under  them  at  a  much 
greater  angle,  namely  at  about  40°.  The  coal-measures  belong  to 
the  middle  division  of  the  field. 

(2.)  Fog  Brook  Section. 

N.N.E.  S.S.W. 


^^n:^^^^^^^^?^^ 


Middle  coal-field  (lower  part).  Upper  new  red 

eandstone. 

This  is  seen  in  the  stream  known  by  the  above  name  (Fog  Brook) 
in  Offerton,  about  three  miles  south-east  of  Stockport.  In  it  the  upper 
new  red  sandstone  appears  well-developed,  dipping  at  an  angle  of  15° 
to  the  S.S.W .,  but  further  down  the  brook  it  dips  at  25°,  and  ter- 

*  In  this  and  the  following  sections,  iliostratlng  the  present  memoir,  the  refer- 
ences will  be  as  follows : — 

6.  Upper  new  red  sandstone.  I         3.  Red  clays. 

5.  Red  marls  and  limestone.  I         2.  Upper  coal-measures. 

4.  Lower  red  sandstone.  I         1.  Middle  coal-measures. 
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minates  in  two  singular  rounded  projections,  which  have  evidently 
been  pushed  up  by  the  underlying  strata.  It  is  succeeded  by  about 
one  yard  of  red  clays,  which  bear  evidence  of  considerable  pressure 
having  been  exerted  upon  them.  Then  come  regular  coal-measures, 
dipping  S.S.W.  at  angles  varying  from  80^  to  70°.  These  last-named 
strata  are  in  the  lower  part  of  the  middle  coal-field  ;  the  whole  of 
the  thick  beds  of  this  valuable  deposit  being  here  covered  up  by  the 
upper  new  red  sandstone,  and  I  am  not  aware  that  any  attempt  has 
been  made  to  follow  them  under  this  rock. 

(3.)  Beet  Bank  Bridgt  Section. 

E.  W. 


This  18  seen  oo  the  banks  of  the  Tame,  about  three  miles  north' 
east  of  Stockport  The  opper  new  red  sandstone  (6)  runs  up  the  val- 
ley from  Reddish  Mills,  skirting  coal-measures  on  its  northern  side. 
It  dips  at  a  moderate  angle  nearly  due  west.  Its  absolute  point  of 
contact  with  the  coal-measures  cannot  be  seen,  owing  to  a  thick 
covering  of  drift,  which  hides  the  section  for  about  fif^y  yards ; 
but  when  the  measures  do  appear  they  are  seen  dipping  to  the 
west,  at  an  angle  of  19°.  Their  position  is  about  the  upper  part  of 
the  middle  fieM.  No  traces  of  the  two  lowest  members  of  the  new 
red  sandstone  formation  have  here  been  seen ;  but  the  late  Mr. 
Fletchers  trustees,  in  working  their  'little  coal*  to  the  north-west  by 
the  footway  leading  to  Reddish  Mills,  drove  their  levels  for  a  distance 
of  100  yards  under  the  sandstone  without  perceiving  the  slightest 
disarrangement  of  the  measures,  thus  clearly  proving  that  the  latter 
there  run  quite  regular  under  the  sandstone,  and  are  not  cut  off,  as 
local  miners  have  hitherto  supposed. 

(4.)  Manchester  Section. 

ii  li  it  1^    I 

N.E.&I  Is  _  aS  sia    31 8. w. 


Middle  coal.      Unproved.         4       Middle  and  upper  coal-meMuxes. 
I 

Under  the  site  of  All  Saints  Church  in  Chorlton-upon-Medlock, 
a  thin  bed  of  red  marls  was  found  lying  upon  the  upper  new  red 
sandstone.  The  latter  rock  occupies  the  whole  of  the  distance 
between  that  place  and  Mr.  Schofield's  chapel  in  Every  Street.  It 
dips  to  the  south-west  at  an  angle  of  about  10°.  From  the  chapel 
to  the  river  Medlock,  near  100  yards  of  strata  are  covered  with  drift 

c2 
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SO  as  uot  to  be  visible ;  therefore  it  is  not  known  whether  the  two 
lower  members  of  the  new  red  sandstone  or  the  higher  coal-measures 
crop  out  in  that  space.  In  the  turn  of  the  river  Medlock,  red  and 
variegated  clays,  parted  by  thin  bands  of  gritstone,  make  their  ap- 
pearance. These  are  succeeded  by  similar  deposits,  containing  the 
limestones  and  thin  coals  of  Ardwick,  and  afterwards  all  the  coal- 
measures  of  Bradford  and  Clayton,  comprising  the  whole  of  the 
known  part  of  the  upper  and  the  higher  part  of  the  middle  division 
of  the  coal-field.  The  dip  is  nearly  south-west,  at  angles  varying 
from  18°  to  25°.  The  coal-measures  at  Bank  Bridge  have  been 
thrown  down  by  a  fault  to  an  unknown  depth,  and  are  covered  by 
upper  new  red  sandstone  for  a  distance  of  about  three  miles.  The 
last-named  formation  crops  out  near  Jericho  Clough,  and  the  coal- 
measures  of  the  middle  field  are  afterwards  seen  in  the  river-course 
at  Waterhouses  dipping  westwards,  at  an  angle  of  about  60°.  The 
strata  of  Ardwick  are  the  highest  members  of  the  coal-field  that  I 
have  met  with ;  but  whether  they  constitute  the  termination  of  the 
field,  and  none  other  are  to  be  met  with  on  their  dip,  yet  remains  to 
be  proved. 

(5.)  CoUyhurst  Section. 

This  section  is  one  mile 
north  of  Manchester,  and 
shows  the  three  lower  mem- 
bers of  the  new  red  sandstone 
formation,  successively  out- 
cropping and  graduating  into 
each  other.  The  shell  marls 
and  lower  new  red  sandstone 
are  in  great  force,  and  the  last-named  rock  rests  unconformably  on 
the  cofd-measures  of  the  middle  field. 

This  section  has  been  fully  described  by  me,  and  the  description  is 
published  in  the  volume  of  the  Transactions  of  the  British  Associa- 
tion for  1844,  and  in  the  first  volume  of  the  Transactions  of  the 
Manchester  Geological  Society.  But  there  is  one  circumstance  not 
fully  described  in  either  of  those  papers.  It  is,  that  at  the  turn  in 
the  river  Irk,  where  the  lower  new  red  sandstone  can  be  seen  gra- 
dually passing  into  red  clays  containing  numerous  circular  impres- 
sions, and  immediately  above  the  clays,  there  occurs  a  bed  of  con- 
glomerate sandstone  of  a  brownish  colour,  with  sharp  angular  grains 
and  pebbles  sometimes  reaching  to  the  bulk  of  a  common  marble. 
Thb  conglomerate  presents  more  of  the  usual  characters  of  the  lower 
new  red  sandstone  than  the  thick  rock  of  Collyhurst,  the  grains  of 
which  arc  all  well-rounded,  and  never,  I  believe,  attain  the  size  of  a 
small  pea.  In  my  section  it  is  classed  with  the  magnesian  limestone, 
but  I  now  consider  that  it  ought  to  be  grouped  with  the  lower  new 
red  sandstone.  Immediately  above  this  conglomerate  are  red  and 
variegated  clays,  amongst  which  are  nodules  of  a  fine-grained  red- 
dish stone  containing  a  considerable  amount  of  iron  and  lime. 


N.N.E.         Middle  coal.  S.S.W. 
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(6.)  Pendleton  Section. 


21 


N.N.E. 

IrweU 
KemU  Moor.       river. 


Bolton  roftd. 


S.S.E. 


Middle  coal. 
a,  bf  Smkings  to  two  seams  of  coal  worked  by  Mr.  Fitsgerald. 

The  Pendleton  section  occurs  two  miles  north-west  of  Manchester. 
It  exhibits  the  upper  new  red  sandstone  at  Oatbank  near  the  Eccles 
new  road,  dipping  to  the  south-west  at  a  moderate  angle.  Drift 
covers  up  the  country  under  the  higher  part  of  Pendleton,  but  in 
the  valley  of  the  Irwell  Mr.  Fitzgerald  has  worked  seams  both  in  the 
upper  and  middle  coal-fields.  These  dip  at  an  angle  of  about  18^ 
to  the  S.S.W.,  and  outcrop  against  the  upper  new  red  sandstone, 
which  there  lies  in  a  deep  downthrow  of  the  coal-measures  of  full 
1000  yards  in  extent  The  absolute  thickness  of  the  upper  new  red 
sandstone  at  this  fault  is  unknown,  but  it  must  be  near  300  yards. 
At  a  depth  of  450  yards,  red  clays  are  met  with  in  driving  a  level 
from  the  deep  pit  through  the  fault  The  sides  of  the  fault  exhibit 
every  appearance  of  the  former  action  of  water  upon  them.  The 
upper  new  red  sandstone  lying  in  the  fault  dips  at  a  moderate  angle 
to  the  south-west 


N.N^. 


(7.)  Patricroft  Section. 


s.s.w. 


The  Patricroft  section  is  about  four  miles  west  of  Manchester.  This 
is  one  of  the  most  interesting  sections  that  I  have  yet  met  with, 
being  the  result  of  the  first  successful  attempt  to  sink  through  three 
members  of  the  new  red  sandstone  formation  in  search  of  coal  in  a 
district  where  all  the  practical  miners  asserted  that  it  did  not  exist 
In  other  parts  of  England,  no  doubt,  coals  have  been  obtained  by 
sinking  through  some  of  the  lower  members  of  the  new  red  sandstone 
formation,  but  I  am  not  aware  of  any  other  instance  than  the  present 
in  which  all  the  three  lower  members  of  this  group  have  been  sunk 
through  and  coals  profitably  worked  under  them.  The  merit  of  this 
enterprising  mining  operation  is  due  to  Messrs.  Lancaster,  who  have 
with  the  most  persevering  industry  and  skilful  management  sur- 
mounted difficulties  by  which  most  men  would  have  been  over- 
whelmed. 

The  shaft  of  the  Patricroft  Collienr  (a,  see  diagram)  is  near 
the  station  on  the  line  of  the  Liverpool  and  Manchester  Railway : 
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it  is  440  yards  in  depth.  In  sinking  it,  the  following  section,  for 
the  copy  of  which  I  am  indebted  to  the  proprietors  of  the  colliery, 
was  met  with : — 


yds. 
Till  5 

ft.  in. 
0    0 

White  sandstone 

2    01 
2    0 
0    0 

0  0^ 

1  6 
1     0 
1     0 

0  0 
10 

1  6 

1  3 

2  0 
1     0 

1  0 

2  6 

1  10 

2  0 
0    0 

Lower  part  of  the 
Bunter     sand- 
stein. 

Red  clays 

Red  sandstone • 5 

Red  marls    2 

Red  stone    

Red  marls   1 

White  sandstone    •     

Red  marls   .••.. 3 

Limestone  

Red  marls 

Limestone 

Shell  marls  and 

Red  marli  

limestones. 

Limestone  •«.. 

Red  marls  

Red  maris  with  several  thin  beds  of  limestone 
Red  marls   

Limestone  

Red  marls 12 

Lower  new  red  sandstone  resting  on  the 
hiirher  part  of  the  upper  coal-field  7 

0    0 

The  three  members  of  the  new  red  sandstone  dip  nearly  due  south 
at  an  angle  of  about  6°.  The  upper  new  red  rock  soon  crops  out, 
but  the  limestones  and  marls  and  lower  new  red  sandstone,  as  well  as 
the  coal-measures,  abut  against  the  upper  new  red  sandstone  which 
is  here  found  lying  in  a  fault  similar  to  that  at  Pendleton  in  the 
last  section.  The  coal-measures  comprise  398  yards  of  the  upper 
field,  and  dip  to  the  south  at  an  angle  of  about  8^  They  have  been 
examined  up  to  the  fault,  and  there  exhibit  every  appearance  of 
having  been  long  subjected  to  the  action  of  water.  The  side  of  the 
fault  slopes  at  an  angle  of  about  20^  towards  the  north. 


(8.)  Atherton  Section. 


N.N.E. 


S.S.W. 


^Na\> 


Middle  cod. 


This  section  is  near  Leigh,  and  is  exposed  in  the  small  brook- 
course  which  enters  the  land,  formerly  part  of  the  park,  from  the 
north.  On  the  banks  of  this  stream,  up  to  and  a  little  past  the  small 
bridge,  the  upper  new  red  sandstone  appears  dipping  at  an  angle 
of  about  8°  or  10^  to  the  south.  It  is  seen  gradually  passing  first 
into  beds  of  red  marl  containing  thin  beds  of  hard  gritstone,  and 
afterwards  into  deposits  of  red  laminated  marls  containing  numerous 
beds  of  limestone.  The  largest  of  these,  I  was  informed,  is  about 
one  foot  eight  inches  in  thickness,  and  there  are  several  beds  of  from 
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two  to  four  inches,  besides  others  of  less  dimensions.  All  these  iime- 
itoues  and  marls  are  full  of  the  usual  magnesian  limestone  fossils, 
similar  to  those  found  at  Newtown,  and  figured  in  the  first  volume 
of  the  Transactions  of  the  Manchester  Geological  Society ;  but  the 
first-named  strata  do  not  contain  a  trace  of  magnesia.  By  the  kind^ 
ness  of  Mr.  H.  Blair,  I  am  enabled  to  give  the  following  analysis, 
made  by  Mr.  Hugh  Watson,  chemist,  of  Bolton,  of  a  specimen  of 
this  limestone  from  Bedfrid,  the  adjoinfng  parish  to  Atherton  : — 

Carbonate  of  lime   56*5 

Almninous  and  siliceous  earths 38*5 

Oxides  of  manganese  and  iron  2*5 

Water  2-5 

100-0 

The  dip  of  these  strata  b  to  the  south,  at  an  angle  similar  to  that 
of  the  upper  new  red  sandstone.  In  proceeding  up  the  brook-course 
towards  the  mill,  however,  their  dip  becomes  greater,  reaching  to  an 
angle  of  16^,  and  is  to  the  south-west  instead  of  to  the  south.  They 
are  succeeded  by  the  lower  new  red  sandstone,  seven  yards  in  thick- 
ness. This  rock  dips  to  the  south-west  at  an  angle  of  25°,  which 
gradually  diminishes  to  16°  as  it  approaches  the  coal-measures.  The 
last-named  strata  cannot  be  traced  for  a  few  feet  to  the  north-east, 
but  when  they  are  seen  they  incline  to  a  little  north  of  west,  at  an 
angle  varying  from  12°  to  15°.  As  you  proceed  further  towards 
the  mill,  however,  they  are  found  not  to  have  been  so  much  affected 
by  the  fault,  and  recover  their  regular  dip  to  the  south-west  at  an 
angle  of  16°.  The  fault  which  has  thrown  up  the  lower  new  red 
sandstone  runs  from  south-east  to  the  north-west,  and  has,  no  doubt, 
considerably  disturbed  both  the  new  red  sandstone  and  carbonife- 
rous strata  in  its  neighbourhood. 

The  condition  of  the  lower  new  red  sandstone  in  one  part  of  the 
rock  is  very  remarkable,  and  exhibits  every  appearance  of  having 
been  subjected  to  great  heat  and  pressure.  Part  of  it  is  converted 
into  a  haj-d  crystalline  rock,  which  displays  scarcely  any  trace  of  the 
nearly  incoherent  sand  of  which  it  is  usually  composed,  while  other 
portions  of  it  seem  to  have  had  a  metallic  matter  resembling  iron 
pyrites  injected  into  it  The  rock  also  presents  numerous  slides  or 
polished  surfaces,  so  frequently  met  with  near  faults.  However,  there 
is  one  bed  left  which  retains  all  the  usual  characters  both  as  to  co- 
lour and  grain  of  the  rock,  and  clearly  identifies  it  with  the  lower 
new  red  sandstone.  After  examining  the  rock,  scarce  any  one  can 
doubt  that  it  has  been  subjected  to  great  heat ;  still  there  is  no 
visible  trace  of  any  trap  dyke  near  it ;  so  probably  the  alteration  of 
the  stone  has  been  produced  by  heat  developed  on  the  upheaving  of 
the  strata,  and  is  due  to  friction  alone.  The  sides  of  many  faults 
far  removed  from  igneous  rocks  often  give  evidence  of  the  action  of 
intense  heat  upon  them,  which  in  my  opinion  can  only  be  accounted 
for  by  the  great  heat  developed  by  the  violent  friction  of  some  parts 
of  the  rocks  against  other  parts. 
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(9.)  Liverpool  and  Manchester  Railway  Section  south  of  St.  Helens, 


£. 

^>y^ 

Sotton. 

^^ 

^^« 

Whiston, 

Huytoa.    W. 

^ 

irE.8.E. 

ie»s.w. 

»5«  to  55"  8.S.E. 

a 

>(^  M   ^     e 

^  i 

a    ^ 

N.B.  The  arrows  denote  the  direction  of  the  dip  at  the  places  where  its  amount  u  quoted. 

Sutton. 

The  upper  new  red  sandstone  is  seen  on  the  west  of  the  branch 
leading  from  the  Liverpool  and  Manchester  Railway  to  St  Helens, 
and  there  dips  at  a  moderate  angle  to  the  east ;  but  it  cannot  be 
traced  to  the  variegated  and  red  measures  seen  in  the  Sutton  brook, 
which  appear  again  on  their  rise  on  the  inclined  plane.  These  beds 
of  clay  contain  thin  bands  of  gritstone  and  some  smooth  laminated 
light-coloured  strata  resembling  the  upper  beds  of  magnesian  lime- 
stone of  Brotherton  in  Yorkshire,  but  they  do  not  effervesce  on  being 
treated  with  acids.  Their  appearance  on  the  whole,  although  re- 
sembling some  of  the  lower  deposits  of  the  new  red  sandstone  for- 
mation, has  induced  me  to  colour  them  as  part  of  the  upper  coal- 
field,— as  high  as,  or  even  higher  in  the  series  than,  the  red  measures 
seen  at  Ardwick.  No  fossil  organic  remains  have  as  yet  been  found 
in  them.  The  dip  of  the  strata  east  of  the  Workhouse  Bridge  is  17^ 
to  the  E.S.E. ;  on  the  west  of  the  bridge  is  seen  a  fault,  with  a  hard 
crystalline  rock  apparently  much  altered  by  heat  lying  in  it,  and  re- 
gular coal-measures  of  the  middle  field  dipping  to  the  S.S.W.  at  an 
angle  of  16°.  An  anticlinal  axis  is  thus  formed.  The  coal-measures 
continue  for  some  distance,  and  become  nearly  level  before  they  are 
covered  up  by  the  drift.  The  upper  new  red  sandstone  is  not  seen 
on  the  railway,  owing  to  there  being  no  cuttings ;  but  at  Thatto  Heath, 
a  little  to  the  north  of  the  line,  it  occurs  as  a  strong  conglomerate, 
dipping  westwards,  and  continues  as  far  as  the  railway  station  at 
Kenrick's  Cross. 

Whiston. 

Proceeding  towards  Liverpool,  after  leaving  the  station  at  Ken- 
rick's  Cross,  the  upper  new  red  sandstone  is  soon  seen  taking  a  mo- 
derate dip  to  the  south-east.  Near  the  Wooden  Bridge  at  Whiston, 
it  dips  at  an  angle  of  25°,  is  much  discoloured,  and  traversed 
by  joints  filled  with  a  substance  resembling  oxide  of  manganese. 
The  dip  increases  to  an  angle  of  65°  east  of  the  bridge,  and  then 
ninety-eight  yards  of  coal-measures  are  seen  protruded  through 
the  sandstone.     These  measures  are  of  the  upper  coal-field,  and 
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consist  of  red  clays  containing  a  bed  of  limestone  about  two  feet 
in  thickness,  resembling  that  found  at  Ardwick,  and  a  rock  of  red- 
dish gritstone  on  the  east  of  the  bridge.  These  strata  dip  to  the 
west  at  an  angle  of  24°,  which  gradually  diminishes  as  you  proceed 
westwards  until  they  reach  the  upper  new  red  sandstone,  where  it 
b  only  about  SP;  three  or  four  inches  of  soft  red  clay  intervene  be- 
twixt the  coal-measures  and  the  upper  new  red  sandstone.  The  last- 
named  rock  when  it  appears  b  much  discoloured.  At  first  its  angle 
of  dip  is  5(f  to  the  west,  but  this  soon  lessens  to  S0°;  and  it  then, 
in  the  distance  of  a  few  hundred  yards,  disappears,  and  is  succeeded 
by  the  Habnead  and  Huyton  coal-field. 

After  the  disappearance  of  the  upper  new  red  sandstone  in  the 
last  section,  some  of  the  higher  portions  of  the  Habnead  coal-mea- 
sures are  seen  on  the  railway  dipping  eastwards,  but  no  good  section 
appears  until  you  reach  the  cutting  at  Huyton  Quarry.  The  flag- 
rock  there  seen  b  one  well  known  in  the  neighbourhood  of  Bury 
and  Rochdale  as  the  upper  flag,  or  old  Lawrence  rock,  and  b  al- 
ways found  to  overlie  the  upper  portion  of  the  lower  coals.  It  dips 
to  the  south-east  at  an  angle  of  26°,  and  some  of  its  lowest  beds  on 
their  rise  abut  against  the  upper  new  red  sandstone  lying  in  the 
▼alley  below,  and  extending  from  that  point  to  beyond  Liverpool 
without  interruption.  The  occurrence  of  the  last-named  rock  on 
the  rise  of  the  coal-measures  seems  to  indicate  a  great  downthrow 
of  the  latter  filled  up  with  sandstone.  Where  the  coab  come  up 
again  to  the  west  remains  yet  to  be  proved.  The  upper  new  red 
sandstone,  when  again  seen  on  the  railway  near  Broad  Green,  dips 
eastwards. 

The  last  three  sections  afibrd  us  valuable  information  as  to  the 
different  characters  of  the  dblocations  which  have  broken  up  the 
coal-field.  The  first  two  of  them  exhibit  anticlinal  axes  of  upper 
Dew  red  sandstone,  without  any  traces  of  the  marb  and  limestones 
and  lower  new  red  sandstone.  They  are,  beyond  doubt,  elevations 
and  protrusions  of  coal-measures  fairly  tiirough  the  upper  new  red 
sandstone,  effected  since  the  deposition  of  the  latter  rock ;  and  if 
the  two  lower  members  of  the  new  red  sandstone  had  there  existed, 
some  traces  of  them  would  in  all  probability  have  appeared.  But 
the  coal-measures  of  Habnead  and  Huyton  were  evidently  elevated 
before  the  upper  new  red  sandstone  was  deposited  on  their  western 
flanks.  Thb  last-named  rock  overlies  a  great  mass  of  these  deposits 
between  Huyton  and  LiverpooL  Between  Liverpool  and  the  Irish 
Sea,  few,  if  any,  searches  for  coal  have  been  made ;  but  if  the  upper 
new  red  sandstone  can  be  found  cropping  out  to  the  west,  there  is 
every  reason  to  believe  that  coab  will  be  met  with  under  it.  On  the 
other  hand,  if  the  sandstone  west  of  Liverpool  b  found  dipping  west- 
ward, the  coab  will  be  at  a  great  depths 
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ConchiHon, 

After  having  observed  the  facts  detailed  in  the  foregoing  paper, 
the  author  has  arrived  at  tlie  following  conclusions: — 

1st.  That  although  the  Lancashire  coal-field  is  6600  feet  in  thick- 
ness, and  is  probably  the  most  perfectly  developed  coal-field  in  En- 
gland, still  it  has  never  been  seen  to  graduate  upwards  into  the  new 
red  sandstone,  and,  consequently,  that  its  upper  boundary  must  be 
considered  as  unascertained. 

2nd.  That  on  comparing  the  Lancashire  coal-field  with  that  of 
the  south-west  of  Yorkshire  and  Derbyshire,  the  latter  exhibits  a 
deficiency  of  837  yards  of  the  middle  and  upper  me&sures. 

3rd.  That  the  new  red  sandstone  formation  is  found  renting  upon 
coal-measures  of  all  ages,  and  scarcely  ever  at  different  places  on 
rocks  of  the  same  age,  so  that  it  cannot  with  propriety  be  said  to 
bound,  but  only  to  cover  them. 

4th.  That  where  coal-measures  have  been  found  on  their  rise 
outcropping  against  the  new  red  sandstone,  the  latter  bed,  so  far  as 
has  been  yet  proved,  always  indicates  that  the  coal-measures  exist 
beneath  it,  but  that  the  dislocation  is  of  great  extent. 

5th.  That  in  all  cases  where  seams  of  coal  have  been  followed  on 
their  dip  under  the  new  red  sandstone,  they  have  been  found  to 
continue  under  it  without  any  perceptible  difference  either  in  their 
inclination  or  quality. 

6th.  That  the  dislocations  in  the  coal-field  may  be  classed  under 
two  heads,  namely  the  older  ones,  produced  before  the  deposition  of 
the  upper  new  red  sandstone,  and  the  newer  ones  which  have  been 
produced  since,  but  that  the  former  have  been  in  some  degree  af- 
fected by  the  movements  which  produced  the  latter. 

7th.  That  the  new  red  sandstone  formation  is  very  irregularly  de- 
posited over  the  underlying  carboniferous  strata,  and  that  its  two 
lower  members  are  frequently  either  very  slightly  developed  or  al- 
together wanting,  which  seems  to  indicate  that  these  lower  members 
repose  in  great  troughs  and  hollows  of  the  coal-field,  which  had  an 
irregular  surface,  over  which  the  waters  of  the  new  red  sandstone 
sea  flowed  and  deposited  the  various  beds. 


June  4,  1845. 

The  following  communications  were  read : — 

1.  An  account  of  the  Fine  Dust  which  often  falls  on  Vessels  in  the 
Atlantic  Ocean.  By  Charles  Darwin,  Esq.,  F.R.S.,  F.G.S. 

Many  scattered  accounts  have  appeared  concerning  the  dust  which 
has  fallen  in  considerable  quantities  on  vessels  on  the  African  side  of 
the  Atlantic  Ocean.  It  has  appeared  to  me  desirable  to  collect  these 
accounts,  more  especially  since  Professor  Ehrenberg's  remarkable 
discovery  that  the  dust  consists  in  considerable  part  of  Infusoria  and 
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Phytolitharia.  I  have  found  fifteen  distinct  statements  of  dust 
having  fallen ;  and  several  of  these  refer  to  a  period  of  more  than 
one  day,  and  some  to  a  considerably  longer  time.  Other  less  distinct 
accounts  have  also  appeared.  At  the  end  of  this  paper  I  will  give 
the  particular  cases,  and  will  here  only  refer  to  the  more  striking 
ones  and  make  a  few  general  remarks. 

The  phsBnomenon  has  been  most  frequently  observed  in  the  neigh- 
bourhood of  the  Cape  Verd  Archipelago.  The  most  southern  point 
at  which  dust  is  recorded  to  have  fallen  is  noticed  by  Capt  Hay- 
ward  ('X  on  whose  vessel  it  fell  wbibt  sailing  from  lat.  10°  N.  to 
9^  5&  N. ;  the  distance  from  the  nearest  of  the  Cape  Verd  Islands 
being  between  450  and  850  miles.  Respecting  the  northern  limit, 
the  water  for  a  great  distance  on  both  sides  of  C.  Noon  (in  lat 
28°  45')  is  discoloured,  owing  in  part,  according  to  Lieut.  Arlett  («), 
to  the  quantities  of  falling  dust  Hence  the  phaenomenon  has  been 
observed  over  a  space  of  at  least  1600  miles  of  latitude.  This  dust 
has  several  times  fallen  on  vessehi  when  between  300  and  600  miles 
from  the  coast  of  Africa:  it  fell,  in  May  1840,  on  the  Princess 
Louise  («)  (in  lat  14°  21'  N.  and  long.  35°  24'  W.)  when  1030  miles 
from  Cape  Verd,  the  nearest  point  of  the  continent,  and  therefore 
half-way  between  Cayenne  in  S.  America  and  the  dry  country  north 
of  the  Senegal  in  Africa. 

On  the  16th  of  January  (1833),  when  the  Beagle  was  ten  miles  off 
the  N.W.  end  of  St  Jago,  some  very  fine  dust  was  found  adhering 
to  the  under  side  of  the  horizontal  wind- vane  at  the  mast-head  ;  it 
appeared  to  have  been  filtered  by  the  gauze  from  the  air,  as  the  ship 
lay  inclined  to  the  wind.  The  wind  had  been  for  twenty-four  hours 
previously  E.N.E.,  and  hence,  from  the  position  of  the  ship,  the  dust 
probably  came  from  the  coast  of  Africa.  The  atmosphere  was  so 
hazy  that  the  visible  horizon  was  only  one  mile  distant.  During  our 
stay  of  three  weeks  at  St  Jago  (to  February  8th)  the  wind  was  N.E., 
as  is  always  the  case  during  this  time  of  the  year ;  the  atmosphere 
was  often  hazy,  and  very  fine  dust  was  almost  constantly  falling,  so 
that  the  astronomical  instruments  were  roughened  and  a  little  in- 
jured. The  dust  collected  on  the  Beagle  was  excessively  fine-grained, 
and  of  a  reddish  brown  colour;  it  does  not  effervesce  with  acids;  it 
easily  fuses  under  the  blowpipe  into  a  black  or  gray  bead. 

In  1838>  from  the  7th  to  the  10th  of  March,  whilst  Lieut  James 
in  H.M.S.  Spey  was  sailing,  at  the  distance  of  from  330  to  380 
miles  from  the  continent,  between  lat  21°  10'  N.,  long.  22°  14'  W., 
and  lat  17°  43'  N.,  long.  25°  54'  W.,  considerable  quantities  of  dust 
fell  on  his  vessel,  four  packets  of  which,  together  with  a  written 
communication,  J  owe  to  the  kindness  of  Mr.  Lyell.  The  dust 
which  fell  on  the  first  day  (or  the  7th)  was  preceded  by  a  thick 
haze,  and  it  is  coarser  than  that  which  fell  on  the  succeeding  days : 
it  contains  numerous  irregular,  transparent,  variously  coloured  par- 
ticles of  stone  about  the  To\nj^^  ®^  ^°  '"^^  square,  with  some  few 
a  little  lai^er,  and  much  fine  matter.  The  fact  of  particles  of  this 
size  having  been  brought  at  least  330  miles  from  the  land  is  inter- 
esting, as  bearing  on  the  distribution  of  the  sporules  of  cryptogamic 
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plants  and  the  ovules  of  Infusoria.  The  dust  which  fell  on  the 
three  succeeding  days  resembles  in  appearance  and  in  its  action 
under  the  blowpipe  that  collected  by  myself  off  St.  Jago,  and  is  so 
excessively  fine>  that  Lieut.  James  was  obliged  to  collect  it  with  a 
sponge  moistened  with  fresh  water.  As  the  wind  continued  nearly 
in  the  same  direction  during  the  four  above-mentioned  days,  and 
the  distance  from  the  land  was  only  a  little  increased  after  the  first 
day,  it  would  appear  probable  that  the  coarser  dust  was  raised  by  a 
squall  with  which  the  breezes  on  this  coast  so  often  begin  blowing. 

With  respect  to  the  direction  of  the  wind  during  the  falls  of  dust, 
in  every  instance  where  recorded  it  has  been  between  N.E.  and  S.£. ; 
generally  between  N.E.  and  E.  In  the  case  however  given  by  the 
Kev.W.  Clarke  (^),  a  hazy  wind  which  had  blown  for  some  time 
from  E.  and  S.E.  first  fell  calm,  and  was  succeeded  for  a  few  hours 
by  a  S.W.  wind,  and  then  returned  strongly  to  the  east ;  during  this 
whole  time  dust  fell.  With  respect  to  the  time  of  year,  the  falls 
have  always  occurred  in  the  months  of  January,  February,  March 
and  April ;  but  in  the  case  of  the  Princess  Louise  in  1840,  as  late  as 
on  the  9th  of  May.  In  the  one  year  of  1839,  it  has  chanced  that  dust 
has  been  recorded  as  having  fallen  in  the  Atlantic  (as  may  be  seen 
in  the  references)  on  the  14th  and  1 5th  of  January,  and  on  the  2nd, 
4th,  9th,  10th,  nth,  12th  and  ISth  of  February.  I  may  add,  that 
Baron  Roussin  (^),  during  his  survey  of  the  north-western  African 
coast,  found,  that  whilst  the  wind  keeps  parallel  to  the  shore,  the 
haze  and  dust  extend  seaward  only  a  short  dbtance ;  but  when  du- 
ring the  above  four  specified  months  the  harmattan  blows  from  the 
N.E.  and  E.N.E.,  accompanied  by  tornados,  the  dust  b  blown  far 
out,  and  is  raised  on  high,  so  that  stars  and  all  other  objects  within 
30^  of  the  horizon  are  hidden. 

From  the  several  recorded  accounts  (^)  it  appears  that  the  quan- 
tity  of  dust  which  falb  on  vessels  in  the  open  Atlantic  is  considerable, 
and  that  the  atmosphere  is  often  rendered  quite  hazy  ;  but  nearer 
to  the  African  coast  the  quantity  is  still  more  considerable.  Ves- 
sels have  several  times  run  on  shore  owing  to  the  haziness  of  the  air : 
and  Horsburgh  (')  recommends  all  vessels,  for  this  reason,  to  avoid 
the  passage  between  the  Cape  Verd  Archipelago  and  the  main-land. 
Roussin  also,  during  his  survey,  was  thus  much  impeded.  Lieut 
Arlett  found  the  water  so  discoloured  (s),  that  the  track  left  by  his 
ship  was  visible  for  a  long  time ;  and  he  attributes  this  in  part  to  the 
fine  sand  blown  from  the  deserts,  "  with  which  everything  on  board 
soon  becomes  perfectly  caked." 

Professor  Ehrenberg  *  has  examined  the  dust  collected  by  Lieut. 
James  and  myself ;  and  he  finds  that  it  is  in  considerable  part  com- 
posed of  Infusoria,  including  no  less  than  sixty-seven  different  forms. 
These  consist  of  32  species  of  siliceous-shielded  Polygastrica ;  of  34 
forms  of  PhytoHtharioy  or  the  siliceous  tissues  of  plants ;  and  of  one 

*  These  microscopic  organized  bodies  have  been  described  in  the  '  Monats- 
berichten  der  Beriin  Akad.  der  Wissens.  Mai  1844  ;  u.  27  Febnuur  1845/  In  the 
latter  paper  a  fidl  list  of  the  names  is  given :  the  column  marked  St  Jago  inclodes 
those  collected  by  myself. 
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Pohftkalamia,  The  little  packet  of  dust  collected  by  myself  would  not 
have  filled  a  quarter  of  a  tea-spoon,  yet  it  contains  seventeen  forms. 
Professor  Ehrenberg  remarks,  that  as  S7  species  are  common  to  se- 
veral of  the  packets,  the  dust  collected  by  myself,  and  on  four  suc- 
cessive days  by  Lieut.  James,  must  certainly  have  come  from  the 
same  quarter ;  yet  mine  was  brought  by  a  E.N.E.  wind,  and  Lieut. 
James  s  by  a  SJ£.  and  E.S.E.  wind.  The  Infusoria  are  all  old  known 
Rpecies,  excepting  one  allied  to  a  Hungarian  fossil ;  and  they  are  of 
freshwater  origin  with  the  exception  of  two  (Grrammaibphora  oct" 
anica  and  TexiUaria  globvhia)^  which  are  certainly  marine.  Prof. 
Ehrenberg  could  not  detect  any  of  the  soil  parts  of  the  Infusoria,  as 
if  they  had  been  quickly  dried'  up,  and  hence  it  would  appear  that 
they  must  have  b^n  caught  up  by  the  wind  some  time  after  having 
been  dead.  The  greater  number  of  the  species  are  of  wide  or  mun- 
dane distribution ;  four  species  are  common  to  Senegambia  and 
S.  America,  and  two  are  peculiar  to  the  latter  country :  moreover  it  is 
a  very  singular  fact,  that  out  of  the  many  forms  known  to  Professor 
Ehrenberg  as  characteristic  of  Africa,  and  more  especially  of  the 
Sahara  and  Senegambian  regions,  none  were  found  in  the  dust. 
From  these  fects  one  might  at  first  doubt  whether  the  dust  came 
from  Africa ;  but  considering  that  it  has  invariably  fallen  with  the 
wind  between  N.E.  and  S.E.,  that  is,  directly  from  the  coast  of  Africa ; 
that  the  first  commencement  of  the  haze  has  been  seen  to  come  on 
with  these  winds ;  that  coarser  particles  have  first  fallen  ;  that  the 
dust  and  hazy  atmosphere  is  more  common  near  the  African  coast 
than  further  in  the  Atlantic;  and  lastly,  that  the  months  during 
which  it  falb  coincide  with  those  when  the  harmattan  blows  from 
the  continent,  and  when  it  is  known  that  clouds  of  dust  and  sand  are 
raised  by  it,  I  think  there  can  be  no  doubt  that  the  dust  which  falls 
in  the  Atlantic  does  come  from  Africa.  How  to  explain  the  enigma 
of  the  absence  of  characteristic  African  forms  and  of  the  presence 
of  two  species  from  S.  America,  I  will  not  pretend  to  conjecture. 
Finally  I  may  remark,  that  the  circumstance  of  such  quantities  of  dust 
being  periodically  blown,  year  after  year,  over  so  immense  an  area 
in  the  Atlantic  Ocean,  is  interesting,  as  showing  by  how  apparently 
inefiicient  a  cause  a  widely  extended  deposit  may  be  in  process  of 
formation  ;  and  this  deposit,  it  appears  from  the  researches  of  Prof. 
Ehrenberg,  will  in  chief  part  consist  of  freshwater  Polygastrica  and 
of  Phytolitharia. 

List  of  References. 

Q)  Nautical  Magazine,  1839,  p.  364.  The  dust  fell  from  the  9th  to  the  13th  of 
Fdyrowj  1839,  whilst  sailing  from  (lat.  lO""  N.,  long.  29^  59")  to  (lat.  2""  56"  N., 
long.  2ff*  ZX/  W.).  The  wind  on  the  9th  was  E.N.E.,  on  the  10th  N.E.  by  E.,  and 
on  the  three  succeeding  days  N.E. 

O  Geographical  Journal,  vol.  vi.  p.  296.  "  Survey  of  some  of  the  Canary 
Islands  and  part  of  the  coast  of  Africa,  by  Lieut.  W.  Arlett,  R.N.'' 

(S)  Edinburgh  New  PhU.  Journal,  voL  xxxii.  p.  134.  The  account  is  taken  from 
Berghaus'  Almanack  of  the  dust  which  fell  on  the  Princess  Louise  on  Jan.  I4th 
and  15th,  1839,  between  (lat.  24*^  20'  N.,  long.  26**  42'  W.)  and  (Ut.  23"  05'  N.,  and 
long.  28^  1 S'  W.) :  and  again  in  1840  from  the  6th  to  the  9th  of  May,  whilst  between 
(lat  10^  29^  N.,  long.  32?  19'  W.)and(lat.  16**  44'  N..  long.36*»  37'  W.).  During  the 
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voyage  of  a  vessel  of  the  same  name,  in  which  Dr.  Meyen  was  a  passenger  (Reise 
mn  Erde,  Th.  i.  s.  54)  on  the  27th  of  October  1830,  the  sails  were  observed  to  be 
stained  by  a  powder,  which  Dr.  Meyen  considered  to  be  a  minute  Cryptogamic 
plant :  the  date  would  lead  me  to  believe  that  in  this  case  the  phsnomenon  was 
different  from  that  of  the  dust  described  in  this  paper. 

{*)  Proceedings  of  the  Geolog.  Soc  vol.  iv.  p.  145.  The  dust  described  by  the 
Re?.  W.  Clarke  fell  February  2nd  to  the  4th,  1839,  when  between  (lat.  21''  14'  N., 
long.  25**  G'W.).  and  nearly  (lat.  12°  Z6f  N.,  long.  24**  13'  W.).  The  direction  of 
the  wind  has  been  already  given  in  the  paper ;  as  it  also  has  been,  when  the  dust 
was  collected  by  Lieut.  James  and  myself.  Mr.  Clarke  has  since  written  a  com- 
munication on  the  subject  for  the  '  Tasmanian  Journal'  (voL  L  p.  321),  to  which  I 
am  indebted  for  two  references. 

(&)  Nautical  Magazine,  1838,  p.  824. 

(*)  Nautical  Magazine,  1837,  p.  291.  Mr.  Burnett,  on  February  12th  to  15th, 
in  sailing  from  (lat.  4°  2(K  N..  long.  23**  2^  W.)  to  (lat  8''  N.,  long.  27°  2(K  W.),  a 
distance  of  300  miles,  with  the  wind  N.E.,  preceded  by  a  S.E.  squall  which  veered 
to  E.S.E.  and  then  to  N.E.,  had  the  sails,  rigging  and  mast  covered  with  red  dust. 
The  dust  began  to  fall  as  soon  as  the  wind  became  N.E. :  the  atmosphere  was  very 
hazy.  The  nearest  land  was  600  miles  distant.  The  same  phenomenon  was  ob- 
served by  Mr.  Burnett  in  April  1836. 

Mr.  Forbes  gives  an  account  (Sharon  Turner's  S.  Hist,  of  the  World,  p.  149)  of 
dust  which  fell  on  a  ship  when  600  miles  from  the  coast,  between  C.  Verd  and 
the  R.  Gambia :  the  wind  all  the  previous  night  had  been  N.E. 

In  the  Edinb.  New  Phil.  Journal  (vol.  vii.  p.  402)  there  is  another  account  of 
dust  which  fell  in  considerable  quantities  on  March  29th,  1821,  in  lat  11°  3'  N., 
when  300  miles  from  the  nearest  part  of  Africa. 

In  Howard  Malcolm's  Travels  (vol.  ii.  p.  200)  there  is  a  similar  account  of 
dust  which  fell  during  several  days  in  February  on  a  ship  north  of  the  equator, 
when  more  than  1000  miles  from  the  coast  of  Africa :  the  wind  was  N.E. 

(^  Horsburgh's  East  Indian  Directory,  p.  11. 

O  In  Tuckey's  Narrative  of  the  Congo  Expedition  (p.  10),  a  discoloured  sea 
and  a  hazy  atmosphere  are  described  on  the  9th  of  April  in  lat.  22°  N.  and  long.  19^ 
9*  W.,  when  32  leagues  from  the  main-land. 

It  may  be  worth  here  recording  that  Sir  A.  Bumes  (Travels  in  Cabool,  p.  223), 
in  describing  Khoten,  a  region  of  Upper  Asia,  adds,  "  it  is  said  that  its  productive- 
ness depends  upon  clouds  of  red  dust,  which  always  fall  or  are  blown  in  this  part 
of  Asia."    But  he  thinks  that  the  statement  requires  confirmation. 


2.  On  ttoo  Species  of  Microscopic  Shells  found  in  the  Lias. 
By  H.  E.  Strickland,  Esq.,  M.A.,  F.G.S. 


a.  Orbit  h^mut,  Strickland.        b.  PoJymorphina  /ioMica,  Strickland. 
N.B.  The  figurea  are  greatly  magnified,  the  amaU  dot  beneath  the  letterk  being  the  natural  lise. 

The  shells  of  the  microscopic  order  Foraminifera^  which  occur  so 
abundantly  in  the  cretaceous  and  tertiary  series,  are  found  much 
more  rarely  as  we  descend  through  the  secondary  formations.  Exam- 
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pies  of  them  have  indeed  occurred  both  id  the  oolitic  and  the  palseo- 
zoic  seriesi,  but  I  believe  that  these  fossils  have  not  hitherto  been  met 
with  in  the  lias. 

The  Rev.  P.  B.  Brodie,  while  pursuing  bis  interesting  and  suc- 
cessful researches  into  the  fossil  insects  of  the  lower  lias,  was  the 
first  to  discover  these  minute  objects.  In  a  bed  of  yellowbh  shaly 
stone,  a  few  feet  above  the  ''insect  limestone"  of  Wainlode  Cliff, 
Gloucestershire,  he  detected  small  white  dots  about  -^th  of  an  inch  in 
diameter,  which  when  examined  by  a  powerful  microscope  prove  to 
be  discoid  spiral  shells,  apparently  unattached,  with  five  or  six  smooth, 
rounded,  narrow  volutions,  devoid  of  striations  or  any  other  distinc- 
tive characters.  As  there  are  no  traces  of  concamerations,  we  per- 
haps ought  to  refer  them  to  the  Serpulid^B  rather  than  to  the  Pora- 
mmiferaj  although  their  extreme  minuteness  would  point  to  the 
latter  family  as  a  more  probable  clue  to  their  affinities.  It  has  been 
suggested  to  me  that  their  characters  resemble  those  of  the  genua 
OrhU  of  Lea,  and  I  will  therefore  denominate  the  fossil  provision- 
ally Orhii  infimus  (see  figure  a).  These  fossib  also  occur  in  a  si- 
milar bed  of  shaly  limestone  near  the  base  of  the  lias  at  Cleeve 
Bank,  between  Evesham  and  Bidford.  Along  with  them  1  here  ob- 
tained one  specimen  of  an  equally  minute  fossil,  which  exhibits  more 
decidedly  the  characters  of  the  group  ForaminiferOy  and  is  refer- 
able to  the  family  Stichostega.  It  is  an  oval  body,  pointed  at  both 
ends,  smooth  and  glossy,  convex,  divided  into  three  concamerations, 
the  largest  of  which  extends  all  the  length  of  the  shell.  As  the 
aperture  is  not  visible,  it  cannot  be  referred  with  certainty  to  any 
of  the  known  genera  of  Poraminiferay  but  in  general  form  it  ap- 
proaches sufficiently  to  the  genus  Polynwrphina  of  M.  d'Orbigny, 
and  we  will  therefore  denominate  it  Polynwrphina  liassica  (see 
figure  b). 


3.  On  SpiRiFKRs/rom  the  Lias.   By  James  Buckman,  Esq.,  F.G.S. 
[Notice  of  this  paper  b  postponed.] 


4.  On  a  Method  rf forming  the  Dust  of  Graphite  into  a  solid  Mass. 
By  W.  Brockedon,  Esq. 

The  graphite,  or  black-lead  of  commerce,  of  sufficiently  good  quality 
to  be  used  for  pencils,  has  become  very  scarce,  only  a  small  quantity 
being  now  raised  in  the  Borrodale  mines,  and  that  of  inferior  quality, 
so  that  what  has  been  sold  lately  b  part  of  a  large  supply  obtained 
forty  years  ago.  This  quantity  having  been  picked  over  and  over 
again,  the  former  reputation  of  the  Cumberland  graphite  b  now 
no  longer  sustained,  and  its  impurity  b  detected  by  artbts  in  conse- 
quence of  the  grit  which  it  often  contains. 

The  author  of  thb  paper  has  contrived  a  method  by  which  the 
fine  dust  of  the  best  parts  of  the  graphite  may  be  recomposed  into  a 
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mass  as  dense  and  compact,  and  of  as  close  a  texture  as  the  best 
quality  found  in  the  mine.  To  effect  this,  the  dust  obtained  from 
sawing  graphite  into  thin  plates  and  veneers,  to  be  enclosed  in  the 
cedar,  is  carefully  washed  and  ground,  and  by  repeated  operations 
is  rendered  pure  and  free  from  grit,  being  finally  sifted  through 
spaces  less  than  ^^^^^th  part  of  a  square  inch. 

Thus  prepared,  the  powder  is  placed  under  a  powerful  press  on  a 
strong  die  or  bed  of  steel  with  air-tight  fittings.  The  air  is  then 
pumped  from  the  dust,  and  while  thus  free  from  air  a  plunger 
descends  upon  it,  and  it  becomes  solidified.  The  power  employed 
to  perform  the  operation  is  estimated  at  1000  tons,  several  blows 
having  been  given,  each  of  this  power. 

Specimens  of  graphite,  prepared  by  this  process  from  the  dust  of 
the  best  Cumberland  black-lead,  were  exhibited;  one  of  them  a 
block  in  a  condition  to  be  cut  into  thin  plates  for  pencils ;  another  a 
broken  piece,  showing  the  same  smooth  surface  on  both  sides  of  the 
line  of  fracture,  an  appearance  often  observed  in  native  graphite. 

The  author  considers  it  a  legitimate  inference  to  be  drawn  from 
this  process,  that  the  fine  sediment  deposited  from  the  detritus  of 
rocks  may  be  again  converted  into  solid  stone  by  mere  pressure. 


5.  Remarks  on  the  Level  of  the  Pirjeus  Harbour  near  Athens, 
and  of  the  country  ad/acent.  By  the  Rev.  Robert  Everest, 
F.G.S. 

The  author  in  this  paper  directs  attention  to  certain  appearances 
which  he  considers  i^ord  evidence  of  a  depression  of  land  along 
certain  portions  of  the  Mediterranean  coast  These  appearances 
consist  of  the  foundations  of  some  ancient  buildings  now  observed 
to  be  below  the  water-line,  and  of  sarcophagi  now  also  below  the 
sea-level. 


6.  Notice  of  the  Discovery  of  the  Tusk  of  an  Elephant  in  the 
Gravel  near  Rochester.     By  Mr.  W.  J.  Charlton. 

In  this  notice  the  author  mentioned  the  fact,  that  many  specimens 
of  the  bones  and  tusks  of  elephants  have  been  found  in  the  gravel 
near  Rochester,  about  two  furlongs  from  the  banks  of  the  Medway. 
The  fragment  in  question  was  about  three  feet  in  length,  and  mea- 
sured ten  inches  across  at  the  larger  and  nine  inches  at  the  smaller 
end. 


7.  On  the  Occurrence  of  a  Fossil  Petrotympanic  Bone  of  a  Whale 
from  the  Crao  near  Ipswich.    By  C.  n.  Rose>  Esq.,  F.G.S. 

During  a  visit  to  the  Crag  district  of  Suffolk  in  July  IS^^,  while 
travelling  up  the  Orwell  towards  Ipswich,  and  at  a  short  distance 
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below  Holywellg,  a  celebrated  Crag  locality,  I  observed  a  patch  of 
crag  on  tlie  upper  part  of  a  somewhat  lofty  portion  of  the  bank  of 
the  river,  and  went  ashore  to  examine  it.  I  had  not  long  searched 
the  mass,  which  consisted  chiefly  of  broken  shells,  ere  1  found  a 
heavy  nodule,  which  I  soon  recognised  as  the  tympanic  bone  of  a 
Cetacean.  It  is  nearly  perfect,  having  only  a  portion  about  an  inch 
in  length  broken  from  one  end  of  it.  Its  fractured  extremity  exhibits 
the  following  characters : — The  central  portion  is  of  the  colour  of 
ferruginous  clay ;  there  is  next  a  band  of  dark  ferruginous  stain,  and 
exterior  to  the  last  a  layer  of  an  ochrey  colour,  somewhat  darker 
than  the  central  portion,  and  which  is  ea.«iily  chipped  from  the  dark- 
coloured  layer ;  innumerable  minute  indentations  are  visible  upon 
its  surface,  more  particularly  upon  the  involuted  portion.  Tlie 
colour  of  the  different  layers  observed  in  my  specimen  is  undoubt- 
edly derived  irom  a  ferruginous  infiltration ;  the  texture  is  that  of 
exceedingly  dense  bone, — a  solidity  appropriate  to  the  function  of  the 
organ  to  which  it  belongs,  and  very  unlike  the  texture  of  some  co- 
prolitic  (?)  bodies  I  possess  from  the  Crag,  which  exhibit  somewhat 
similar  concentric  bands,  but  a  decidedly  crygtalline  fracture,  parti- 
cularly in  the  dark-coloured  bands. 

The  long  diameter  of  my  fossil  is  three  and  a  quarter  inches,  the 
short  diameter  two  inches,  and  its  average  thickness  at  the  fractured 
extremity  is  three-quarters  of  an  inch.  On  comparing  my  specimen 
with  the  description  of  similar  fossils  by  Professor  Owen,  in  his  Ap- 
pendix* to  Professor  Henslow's  paper,  read  before  the  Society 
Dec  13,  1843, 1  have  no  hesitation  in  deciding  that  it  is  the  tym- 
panic bone  of  Bahena  definUa. 

Professor  Hensiow,  in  the  paper  above  referred  to,  says,  "  It  seems 
to  roe  not  a  little  remarkable  that  all  these  specimens  should  have 
been  procured  within  a  very  narrow  compass,  for  I  found  none  be- 
yond the  limits  of  two  contiguous  indentations  in  the  cliff,  a  short 
distance  to  the  north  of  Felixstow."  I  have  therefore  forwarded  this 
communication  to  the  Society,  merely  for  the  purpose  of  contributing 
a  new  locality  in  which  a  cetacean  remain  has  been  met  with. 


%.  Onthe  Scratched  Boulders  and  Racks  of  the  Coal-field  of  Scot- 
land.   By  James  Smith,  Esq.,  F.G.S.,  of  Jordan  Hill. 

The  phenomenon  of  scratched  boulders  has  of  late  attracted  atten- 
tion from  its  supposed  connexion  with  glacial  action  ;  but  before  the 
researches  of  Professor  Agassiz  had  excited  so  much  interest  on  the 
subject,  it  had  been  but  little  attende<l  to.  When  he  visited  Scotland 
in  1840,  with  the  object  of  searching  for  proofs  of  the  former  exist- 
ence of  glaciers  in  that  country,  and  their  connexion  with  the  erratic 
blocks  and  the  so-called  diluvium  or  till,  his  attention  was  imme- 
diately arrested  by  the  striae  which  were  observed  upon  some  of  the 
blocks.     He  however  admitted  to  me  then,  as  he  has  since  done  in 
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his  paper  on  the  subject,  that  the  deposit  in  which  these  boulders 
occurred  *'  was  not  produced  by  true  glaciers,  although  intimately 
connected  with  the  pbaenomena  of  ice.'*  He  also  states,  in  the  above- 
quoted  paper,  that  ''the  erratic  blocks  in  Switzerland  are  always 
angular,"  which  is  just  what  might  have  been  expected  if  they  were 
transported  by  ice,  whether  upon  glaciers  or  icebergs.  The  erratic 
blocks  in  Scotland,  on  the  other  hand,  are  rounded,  and  we  have 
two  problems  to  solve, — how  have  they  been  rounded?  and  how 
have  they  been  scratched?  Before  attempting  to  answer  these 
questions,  it  is  necessary  that  we  should  be  made  acquainted  with 
all  the  circumstances  under  which  these  blocks  are  found ;  we  can 
then  compare  the  facts  with  proposed  solutions,  and  by  excluding 
those  which  are  inconsistent  with  well-established  facts,  be  driven 
at  last  to  that  solution  which  explains  them  all. 

Every  person  has  seen  pebbles  ground  on  one  side  for  the  purpose 
of  exhibiting  their  polish  or  structure ;  and  the  commonest  observer 
cannot  fail  to  draw  the  following  conclusions: — 

1.  That  the  stone  has  undergone  two  different  kinds  of  attrition 
since  it  has  been  separated  from  its  native  rock,  totally  distinct  and 
unconnected  with  each  other. 

2.  The  rounding  process  must  have  preceded  the  grinding  one. 

3.  The  stone  must  have  been  at  liberty  to  roll  in  the  one  case, 
but  must  have  been  held  fast  in  the  other. 

4.  The  rounding  has  been  caused  by  the  action  of  water. 

The  case  of  the  boulders  is  precisely  that  of  the  pebble,  and  my 
present  object  is  to  show  how  they  have  been  held  fast.  I  think  it 
right  to  observe,  that  the  great  mass  of  boulders  at  BelFs  Hill,  near 
Glasgow,  where  M.  Agassiz  first  observed  this  phaenomenon,  and  to 
which  he  has  since  repeatedly  alluded  in  his  writings,  although  most 
satisfactory  on  many  points,  threw  no  light  upon  this;  the  boulders' 
were  not  in  situ;  a  hill,  composed  of  till,  in  which  they  were  im- 
bedded, had  been  levelled,  and  they  were  left  in  heaps.  There  was 
therefore  no  means  of  knowing  whether  the  cause,  whatever  it  was, 
acted  in  a  certain  and  uniform  direction,— ^a  point  of  great  conse- 
quence in  this  question. 

Some  late  observations,  which  I  have  had  an  opportunity  of 
making,  convince  me  that  the  cause  which  has  produced  the  furrows 
upon  the  boulders  is  identical  with  that  which  has  produced  the 
similar  effect  upon  rocks  in  sitUj  and  that  they  are  posterior  to  the 
deposition  of  the  till,  or  at  least  to  the  deposition  of  the  older 
till  or  boulder  clay,  if  it  shall  be  establbhed  that  there  have  been  at 
least  two  deposits  of  this  nature. 

There  are  three  positions  in  which  boulders  may  be  found  in  the 
till : — They  may  be  altogether  buried  in  it ;  they  may  be  partially 
buried  in  it,  with  their  upper  surface  exposed ;  or  they  may  rest  on 
the  surface.  Rocks  in  situ  may  be  covered  with  the  till,  or  part  of 
their  surface  may  be  exposed.  This  distinction  is  an  important  one, 
because  if  the  strise  on  rocks  occur  below  the  till,  they  have  probably 
been  caused  by  its  deposition.  If  however  they  are  only  found  on 
the  exposed  surface,  we  may  infer  that  they  are  posterior  to  it ;  and 
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in  like  manner,  if  the  striae  upon  boulders  are  only  found  upon  their 
expoeited  surfaces,  we  may  draw  the  same  conclusion. 

On  my  last  visit  to  Scotland,  I  observed  on  the  shore  of  the  Gare 
Loch,  about  twenty-five  miles  from  Glasgow,  two  boulders  of  con- 
siderable magnitude  half-buried  in  the  till,  with  their  upper  surfaces 
scratched.  They  were  near  enough  to  enable  me  to  observe  that 
the  strise  were  perfectly  parallel,  and  in  the  same  direction  in  both 
stones;  and  near  the  foot  of  the  Campsie  range  of  hills,  I  observed 
the  same  phsenomenon  on  the  exposed  surface  of  a  trap  rock.  The 
direction  was  the  same  in  all  the  three  cases,  viz.  from  the  north 
of  west  to  the  south  of  east  This  coincidence  cab  scarcely  be  acci- 
dental, particularly  as  it  agrees  with  the  observations  of  others. 

Colonel  lmrie,in  his  account  of  the  geology  of  the  Campsie  Hills*, 
notices  the  striated  surface  of  the  trap  rocks,  and  their  direction  from 
west  to  east, ''  except  where  turns  in  vales  had  partially  influenced  the 
course  of  the  current."  He  also  notices  that  some  of  the  boulders 
had  scratched  surfaces,  in  a  position  which  indicated  they  had  come 
from  the  west.  Mr.  David  Milne,  in  his  paper  on  the  Lothian  coal- 
field, in  the  'Transactions  of  the  Royal  Society  of  Edinburgh t»' 
states,  respecting  the  boulders  of  the  till  in  that  district,  ^  Though 
these  boulders  are  generally  smooth,  some  of  them  have  ruts  or 
scratches  on  their  upper  sides,  which  have  been  apparently  pro- 
duced by  the  passage  over  them  of  harder  bodies.  I  have  more  par- 
ticularly observed  these  scratches  on  blocks  of  limestone,  sandstone 
and  greenstone.  It  is  an  object  of  some  importance  to  ascertain  the 
direction  of  these  ruts,  but  it  is  in  very  few  places  in  the  district 
where  this  can  be  ascertained.  The  direction  of  the  ruts  can  be 
very  distinctly  seen  along  the  shore  at  Joppa,  near  Portobello,  and 
at  Seafield,  near  Leith.  They  appear  at  both  places  between  west 
and  west-south-west  by  compass,  but  the  most  general  direction  is 
west-half-south.  A  great  many  boulders  have  lately  been  dug  out 
of  this  deposit  in  the  excavations  for  the  Newhaven  and  Edinburgh 
railway;  the  direction  of  the  scratches  upon  them  is  west-haif- 
north.- 

I  have  never  observed  any  furrowed  surfaces  below  the  tilU  ;  on 
the  contrary,  whenever  I  have  seen  it  in  contact  with  the  subjacent 
rock,  it  exhibits  marks  of  violent  action,  fracture  and  denudation. 
Mr.  John  Craig  of  Glasgow,  whose  pursuits  as  a  mineral  surveyor 
render  him  familiar  with  this,  informs  me  that  he  has  observed  the 
same  thing.  But  if  the  mode  of  deposition  has  been  a  violent  one, 
the  cause  must  have  been  a  transient  one,  otherwise  the  smaller 
broken  fragments  would  in  all  cases  have  been  removed ;  but  the 
contrary  is  the  case ;  by  far  the  greatest  number  of  fragments  are 
those  of  the  subjacent  rock,  more  or  less  rounded  according  to  the 
distances  from  which  they  have  been  brought. 

*  Memoin  of  the  WemeriMi  Society,  vol.  ii.  p.  35. 
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X  There  is  a  furrowed,  scratched  and  polished  surface  of  the  sandstone  below  the 
till  at  the  g^reat  stone-quarries  of  Craig  Leith,  of  a  part  of  which  plaster  casts  were 
taken  bf  Captain  BaiU  HalL     [Note  by  Referee.— Ed.] 
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The  melting  of  ice  has  been  suggested  as  the  cause  of  debacles 
capable  of  transporting  boulders ;  but  the  melting  of  ice  could  never 
produce  a  debacle  in  the  rigid  sense  of  the  word — I  mean  such  a 
debacle  as  would  be  produced  by  the  bursting  of  a  waterspout,  or 
the  head  of  a  reservoir,  or  an  earthquake  wave ;  the  laws  of  matter 
prevent  it  The  conversion  of  sensible  into  latent  heat  is  necessarily 
a  work  of  time :  floods,  possibly  of  great  violence,  might  result  from 
such  a  cause,  capable  of  moving  the  greatest  masses;  but  their  ac- 
tion would  be  continuous,  and  they  would  necessarily  separate  the 
larger  from  the  smaller  fragments,  and  all  of  them  from  the  clay  in 
which  they  are  imbedded ;  they  would  be  arranged  both  according 
to  their  size  and  their  gravity ;  but  neither  of  these  is  the  case,  and 
I  must  conclude,  with  Sir  James  Hall,  that  such  effects  are  **  inex- 
plicable by  any  diurnal  cause."  But  even  if  this  difficulty  could 
be  got  rid  of,  a  more  insuperable  one  meets  us ;  such  floods  must 
necessarily  run  down  the  hills,  and  into  the  natural  lines  of  drainage 
of  the  country.  In  the  west  of  Scotland  the  great  line  of  drainage 
is  marked  by  the  course  of  the  river  Clyde,  and  floods  poured  from 
the  contiguous  mountains  must  inevitably  follow  its  course  to  the 
sea;  but  the  very  reverse  of  this  is  the  case.  1  never  yet  saw  or 
heard  of  an  erratic  block  in  the  valley  of  the  Clyde,  where  its  course 
could  be  traced,  that  did  not  come  in  an  opposite  direction  to  the 
flow  of  the  river.  We  can  trace  their  course,  not  from  the  moun- 
tains to  the  sea,  but  from  the  sea  to  the  mountains.  Mr.  Milne,  in 
another  paper  on  the  geology  of  Roxburghshire*,  after  noticing 
'^  that  the  parent  rocks  were  in  all  cases  to  the  westward  of  the 
boulders,"  contends  that  they  could  not  be  transported  by  glaciers ; 
and  after  noticing  the  line  of  drift,  he  adds,  "  A  glacier  which  trans- 
ported (boulders)  from  Criflel  to  the  hills'of  Liddesdale,  besides  being 
forty  miles  long,  must  have  crossed  the  valleys  of  the  Nith,  Annan, 
Esk  and  Tarras  rivers,  as  well  as  the  high  ridges  separating  them ; 
it  must  have  done  so  without  having  any  lateral  barriers  to  retain  and 
guide  it ;  and  lastly,  it  must  have  moved  up  the  valley  of  the  Liddel 
for  at  least  fifteen  miles  of  its  course."  If  this  argument  is  good 
against  the  action  of  glaciers  in  transporting  boulders,  it  is  still 
better  when  applied  to  the  case  of  boulders  assumed  to  have  been 
transported  by  glacial  floods.  It  appears  to  me  to  be  perfectly  con- 
clusive against  both  hypotheses. 

I  am  very  far  from  contesting  the  former  existence  of  glaciers  in 
Scotland;  on  the  contrary,  I  consider  it  in  the  highest  degree  probable 
that  they  did  exist ;  and  when  we  find  scratches  on  the  vertical  faces 
of  rocks  not  following  a  definite  course,  but  having  the  same  direction 
as  that  of  the  valleys,  and  when  we  find  boulders  arranged  as  they  are 
in  moraines,  then  the  action  of  glaciers  afibrds  a  natural  and  satisfactory 
solution;  but  these  are  exceptional  cases,  and  after  many  years*  study 
of  this  deposit,  I  have  never  met  with  any.  The  action  of  icebergs  has 
also  been  suggested ;  here  also  I  have  no  difficulty  in  admitting  the 
probability  of  their  former  existence,  and  there  is  proof  that  much  of 

*  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xv.  p.  480. 
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this  deposit  was  permanently  submerged  about  the  period  to  which 
we  must  refer  these  phsenoraena,  viz.  about  the  end  of  the  tertiary 
period.  These  icebergs  however  must  have  obeyed  every  impulse 
of  wind  and  tide  ;  and  when  we  find  angular  masses  transported  from 
a  distance  resting  on  the  surface  or  imbedded  in  marine  strata,  we 
may  infer  with  great  probability  that  they  were  dropped  from  ice- 
bergs :  this  also  is  an  exceptional  case,  of  which  I  have  never  met 
an  instance.  But  even  if  such  phaenomena  were  much  more  frequent 
than  we  find  them  to  be,  they  would  throw  no  light  whatever  on  the 
origin  of  the  boulder  clay.  The  explanation  which  is  attended  with 
fewest  difficulties  is  that  propounded  by  Sir  James  Hall,  and  by  one 
and  all  of  the  early  Scotch  observers,  and  maintained  with  great 
ability  and  knowledge  of  detail  by  Mr.  Milne,  in  his  valuable  papers 
already  referred  to,  the  first  of  which  indeed  has  no  reference  to  the 
glacial  theory,  which  was  not  then  propounded,  at  least  in  this 
country.  This  explanation,  modified  by  later  discoveries,  is  as  fol- 
lows:—  A  rush  of  water,  such  as  that  produced  by  earthquake  waves 
of  sufficient  violence  to  tear  up  not  only  the  pre-existing  unconsoli- 
dated cover,  but  considerable  portions  of  the  subjacent  rocks,  and 
perhaps  obliterate  the  inequalities  caused  by  disturbances  in  the  coal- 
measures,  passed  over  the  island  from  west  to  east,  or  rather  from  the 
north-west,  depositing  the  whole  in  a  confused  mass  on  the  surface. 
In  that  part  which  was  under  the  sea,  beds  of  gravel,  sand  and  clay 
were  deposited.  In  process  of  time  a  second  debacle  again  swept 
over  the  island  in  the  same  direction,  but  with  much  less  violence 
than  the  first ;  the  stratified  beds,  perhaps  of  no  great  thickness,  were 
swept  away,  leaving  however  occasional  patches,  sufficient  to  attest 
their  existence,  and  also  part  of  the  pre-existing  diluvium,  reducing 
the  inequalities  and  grinding  the  exposed  surfaces  of  the  rock«  and 
boulders  ;  for  it  is  to  this  second  debacle  I  ascribe  the  scratching  of 
the  rocks  and  boulders ;  and  here  1  think  ice  acted  an  important 
part,  and  was  probably  the  principal  agent  in  grinding  down  the 
substances  over  which  it  passed :  a  colder  climate  and  a  north-west 
direction  both  point  to  a  frozen  ocean  which  was  perhaps  broken  up 
by  the  convubion  which  caused  the  diluvial  wave,  and  the  ice  of 
which  was  swept  over  the  land  in  the  same  direction.  That  there 
are  two  separate  deposits  of  till,  1  have  no  doubt ;  the  newer  is  finer, 
lighter  in  the  colour,  and  with  fewer  and  smaller  boulders  than  the 
older,  and  when  seen  in  contact  the  junction  is  well-defined ;  such  a 
junction  may  be  seen  in  the  cover  of  Gilmour  Hill  quarry,  near 
Glasgow.  Mr.  Craig  informs  me  that  he  found  the  femur  of  the  fossil 
elephant  in  stratified  beds  between  these  separate  deposits ;  and  Mr. 
Milne  describes  them  under  the  names  of  the  **  upper  covering  of 
gravel  and  boulders,"  and  the  "  lowest  boulder  clay,"  enumerating 
four  stratified  beds  between  them.  M.  d'Archiac,  in  his  account  of 
the  Geology  of  the  Department  de  T  Aisne,  also  notices  two  unstra- 
tified  deposits,  both  of  which  he  ascribes  to  diluvial  action. 
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£.  Solly,  Csq^  F.R.S^  F.L.S. ;  Alexander  Keith  Johnston,  Esq. ; 
the  Earl  of  Lincoln,  and  B.  Cunliffe,  Esq.,  were  elected  Fellows  of 
the  Society. 


The  following  communications  were  read : — 

akBozoic  Rocks  of  the  Isle  of  Man. 
Gumming,  M.A. 

[This  paper  is  postponed  for  the  present] 


i.  On  the  Palaozoic  Rocks  of  the  Isle  of  Man.    By  the  Rev.  J.  G. 
Gumming,  M.A. 


2.  Description  of  Footmarks  and  other  Imprints  on  a  slab  qf^EW 
Red  Sandstone,  from  Turner's  Falls,  Massachusetts, 
U.S.,  collected  by  Dr.  James  Deane  of  Greenfield,  U.S.  By 
Gideon  Algernon  Mantell,  Esq.,  LL.D.,  F.R.S.,  F.L.S. 

Having  recently  received  from  Dr.  James  Deane  a  small  slab  of 
stone  covered  with  Ornithichnites  belonging  to  two  species,  and  some 
of  these  imprints  exhibiting  the  character  of  the  surface  of  the  der- 
mal integument  more  distinctly  than  any  other  specimen  brought  to 
this  country,  I  am  desirous  of  submitting  it  to  the  examination  of 
the  Society,  with  the  following  description  which  accompanied  it 

The  slab  is  about  two  feet  in  diameter  and  half  an  inch  in  thick- 
ness. On  the  upper  surface  there  are  two  rows  of  small  elegant 
footmarks,  of  the  species  termed  by  Professor  Hitchcock  Ornithich- 
nites ffraciUima ;  one  row  consists  of  five,  and  the  other  of  six  con- 
secutive impressions.  There  is  also  a  row  of  four  footprints  of  a 
much  larger  species,  the  0.  fulicoides  (so  named  from  their  re- 
semblance to  the  footmarks  of  the  recent  cinereous  coot,  F'tdica 
Americana),  lliese  are  arranged  around  the  circumference  of  the 
slab,  and  their  alternate  order  proves  that  they  have  been  impressed 
by  the  same  individual.  *'  There  is  a  rare  peculiarity  displayed  in 
these  larger  impressions  that  adds  greatly  to  their  interest :  it  is  the 
markings  of  the  papillae,  and  folds  of  the  cutaneous  integument, 
which  are  very  distinct ;  and  this  character,"  says  Dr.  Deane,  ^  I 
have  only  observed  in  two  other  examples.  The  papillae  may  be 
seen  most  distinct  in  the  first,  second,  and  fourth  footstep ;  particu- 
larly in  the  last  of  the  series,  on  the  top  of  the  slab."  The  three 
rows  of  footprints  above-described  embrace  fifteen  impressions,  and 
exhibit  the  articulations  of  the  toes  perfectly.  The  surface  of  the 
stone  is  pitted  by  rain-drops,  from  a  shower  which  must  have  fallen 
before  the  birds  walked  over  the  soft  mud  and  made  the  footprints. 
There  are  also  indistinct  traces  of  the  trails  of  worms,  and  of  an 
Annelide. 

On  the  reverse  of  the  slab  there  are  the  casts  of  four  consecutive 
impressions  of  Ornithichnites  ffraciUima ;  and  a  row  of  two,  of  di- 
meiisious  intermediate  between  those  of  the  preceding  varieties. 
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3.  On  the  Geoloffy  of  the  Island  of  St.  Mary's,  one  of  the  Azores. 
By  T.  Carew  Hunt,  Esq.,  Her  Majesty's  Consul  for  the  Azores. 

The  island  of  St.  Mary's,  the  easternmost  of  the  Azores,  is  about 
seven  miles  in  length  from  east  to  west,  and  five  in  breadth  from 
Dorth  to  south,  and  is  divided  naturally  into  a  plain  and  an  elevated 
district,  which,  taken  together,  mark  its  aspect  from  the  sea.  The 
plain  occupies  about  one-third  part  on  the  west  side  of  the  island, 
the  other  part  being  formed  of  an  elevated  ridge  running  from  north- 
west to  south-east,  which  rises  to  a  double  peak  (Pico  Alto)  1889 
feet  above  the  sea,  and  of  which  the  sides  decline  on  the  north,  east 
and  south  to  mural  clifiis  of  considerable  height. 

The  base  appears  to  be  a  dark  blue  compact  basalt,  containing 
minute  crystals  of  olivine.  This  basalt  has  in  some  parts  assumed 
a  contorted  columnar  structure  and  near  the  town  of  Villa  do  Porto 
a  distinct  prismatic  character.  Above  this  bed  is  a  coarse  red 
wack6,  passing  to  a  cellular  brown  amygdaloid,  its  softer  parts 
thickly  imbedded  with  splendent  crystals  of  augite,  and  the  cells  of 
the  harder  mostly  filled  with  arragonite  in  three  varieties  of  cry- 
stallization, and  carbonate  of  lime.  In  both  are  occasional  im- 
perfect crystals  of  hornblende.  This  would  seem  to  be  the  second 
bed  of  the  island,  and  to  it  succeed  deposits  of  marine  shells  of  va- 
riable thickness,  in  which  the  most  conspicuous  shells  are  the  lesser 
and  greater  scallop,  mixed  in  parts  with  an  arenaceous  cement  and 
rounded  nodules  of  basalt,  breccia  and  amygdaloid,  and  interstrati- 
fied  with  films  and  layers  of  semicrystalline  carbonate  of  lime.  This 
calcareous  bed  is  of  extreme  hardness,  except  where  its  sections  have 
been  exposed  to  and  rendered  brittle  by  the  spray  of  the  sea.  On 
the  surface  is  a  strong  grayish  argillaceous  earth  mixed  and  covered 
with  small  decomposing  basaltic  pellets  of  a  concentric  laminated 
structure,  which,  with  beids  of  tufa  of  different  degrees  of  coarseness, 
completes  the  constitution  of  the  plain  district. 

The  lower  beds  of  the  second  or  elevated  district  (marked  B)  are 
probably  a  continuation  of  those  described,  overlaid  by  the  mass  of 
brown,  compact,  and  sometimes  amygdaloidal  porphyry,  which  has 
formed  the  chain  of  heights.  At  St.  Lorenzo  is  a  detached  ca- 
vernous rock  of  basalt  veined  with  carbonate  of  lime,  whose  inte- 
rior is  filled  with  stalactites, — a  variation  of  base  which  occurs  in 
other  parts  of  the  island,  and  extends  to  the  Formigas  rocks,  distant 
twenty  miles  to  the  north-east. 

The  general  conclusion  will  perhaps  be,  that  the  two  lower  beds 
of  basalt  and  amygdaloid  were  of  successive  submarine  formation  ; 
that  the  lapse  of  many  ages  allowed  them  to  be  covered  with  a  thick 
layer  of  marine  shells  and  sand ;  that  a  new  eruption  covered  this 
layer  and  partly  fused  it ;  and  that  the  island  was  completed  by  the 
formation  of  Pico  Alto.  It  will  be  a  question,  whether  its  emer- 
gence preceded,  accompanied  or  followed  the  last  convulsion,  and 
also  at  what  relative  period  a  small  hill  called  the  Pico  do  Facho, 
near  Villa  do  Porto  (connected  apparently  with  some  neighbouring 
basaltic  dykes),  was  formed. 
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It  will  perhaps  be  thought  that  the  nature  of  the  organic  remains 
of  this  island  throws  light  on  the  antiquity  of  the  whole  archipelago, 
as  the  westernmost  island  of  Flores  contains  calcareous  beds  which 
may  have  been  formed  like  those  of  St  Mary's,  while  the  volcanic 
character  of  the  intermediate  island  constitutes  a  general  chain  of 
connexion  between  them.  And  if  those  remains  be  found  to  be  the 
same  with  the  fossib  of  Sicily,  the  Azores  may  perhaps  be  assumed 
to  be  of  the  age  of  that  and  neighbouring  parts  of  the  land  of  the 
Mediterranean. 
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On  the  Geology  q^ Gibraltar.     By  James  Smith,  Esq.,  of 
Jordan  HOI,  F.G.S.* 

[Read  Nov.  20,  1844.] 

The  continent  of  Europe  is  terminated  on  the  south  and  that  of 
Africa  on  the  north  by  a  secondary  formation  of  considerable  ex- 
tent, which  is  cut  into  two  by  the  Straits  of  Gibraltar.  The  pre- 
vailing rock  on  both  sides  is  siliceous  sandstone,  generally  of  a 
yellowish  brown  colour,  which  is  associated  with  limestone  and  shale 
in  dilferent  states  of  induration,  and  also  with  subordinate  beds  of 
chert  and  coal.  Judging  from  external  character  I  should  pronounce 
it  to  belong  to  the  true  coal-measures,  but  the  indications  furnished 
by  organic  remains  point  rather  to  the  Jurassic  group.  The  evidence 
however  is  by  no  means  conclusive ;  fossils  are  of  such  rare  occur- 
rence and  in  such  an  imperfect  state,  that  no  certain  inference  can, 
in  the  present  state  of  our  knowledge  of  its  organic  remains,  be 
drawn  from  them.  The  Gibraltar  limestone  contains  casts  of  marine 
shelU,  chiefly  Terebratulae,  one  of  which  appears  to  be  the  T^fim- 
hria  and  the  other  the  T.  concinna  of  the '  Mineral  Conchology,*  both 
belonging  to  the  lower  oolite.  A  coal-pit  has  lately  been  opened 
about  four  miles  to  the  north  of  Gibraltar,  but  hitherto  with  no  other 
success  than  the  discovery  of  a  bed  of  arenaceous  shale,  with  thin 
flakes  of  highly  crystalline  coal.  The  late  Mr.  Drumraond  Hay, 
the  British  consul  at  Tangier,  informed  me  that  there  are  also  indi- 
cations of  coal  on  the  African  side  of  the  Straits. 

The  hills  round  the  Bay  of  Gibraltar  rise  to  an  elevation  of  be- 
tween 2000  and  3000  feet,  and  at  their  base  there  is  a  series  of  low 
swelling  hilb  of  tertiary  limestone,  which,  as  I  have  ebewhere  shown, 
belong  to  the  great  miocene  formation  of  the  south  of  Europe  f. 

The  mountain  or  rock  of  Gibraltar,  as  it  is  usually  called,  forms 
an  oblong  peninsula,  extending  two  miles  and  a  half  from  north  to 

♦  Sec  Quarterly  Journal  of  the  Geological  Society,  voL  i.  p.  298. 
t  Ibid,  vol.  i.  p.  235. 
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footli,  and  tliree-qiiartcn  of  a  mile  in  bradtk.  It  is  tenniiated  on 
tbe  oortli  bj  a  perpendicolar  dif  125G  feet  in  bciglit ;  its  greatest 
eieiratioo  is  1470  feet,  and  U3  tootbem  extranitT  is  marked  bj  a 
triple  series  of  cli&  and  terraces.  Tbe  elerated  part  of  the  rock 
which  occupies  the  northern  half  of  the  peninsnla  is  divided  into 
three  distinct  eminences  by  gaps  in  the  summit  and  ratines  at  the 
sides.  The  most  northerlj  eminence  is  called  by  the  Spaniards 
'  Salto  de  Lobos'  and  '  WolTs  Crag'  br  the  Ei^li^h ;  the  precipice  is 
called  the  North  Front,  and  the  height  above  it  the  Rock-gon,  from 
the  gnn  perched  on  its  summit.  The  hill  in  the  centre  is  called 
Middle  Hill  or  the  Signal  Sution,  and  the  soathem  height  '  Pan 
dWssucar'  or  tbe  Sugar-loaf,  but  more  commonly  O'Hara's  Tower. 
To  the  sooth  of  this  there  is  a  plain  called  Windmill-hill  Flats»  about 
400  feet  above  the  level  of  the  sea.  This  is  bounded  by  an  escarp- 
ment and  socoeeded  by  a  second  and  lower  plateaa  called  Europa 
Flats ;  and  at  the  southern  extremity  of  the  promontory  there  is»  or 
rather  was,  a  third  terrace  separated  by  a  sea-worn  cliff  from  the 
Europa  Flats ;  but  the  cliff  is  now  concealed  by  fortifications,  and 
the  terrace  by  a  glacis. 


Id  tbe  above  diagram  is  represented  the  general  appearance  of  the 
western  face  of  the  rock.  The  beds  of  limestone  in  the  elevated  part 
dip  to  tbe  west,  but  from  Windmill-hill  Flats,  southwards,  they  dip  to 
the  easL  About  halfway  up  tbe  western  side  of  the  elevated  part, 
there  is  a  precipice  parallel  to  the  ridge  on  the  summit  or  axis  of  tbe 
rock ;  at  the  base  of  this  precipice  there  is  a  plain  of  stratified  siliceous 
sand,  called  tbe  red  sands,  upon  which  the  town  is  built  and  the 
esplanade  and  Alameda  or  public  garden  formed.  On  the  shore  at 
the  western  base  of  tbe  rock,  and  parallel  to  its  axis,  there  is  a  series 
of  beds  of  highly  indurated  shale ;  these  are  nearly  vertical,  and  se- 
parated as  they  are  from  the  stratified  limestone  beds  by  sands  or 
breccia,  it  is  impossible  to  determine  whether  they  lie  over  or  under 
them.  The  same  may  be  said  of  beds  of  secondary  sandstone  which 
also  occur  on  the  west  side  of  the  rock,  but  are  not  seen  in  contact 
with  the  limestone :  this  however  is  not  a  point  of  any  geological 
consequence,  as  they  all  evidently  belong  to  the  same  formation. 

No  rocks  of  the  miocene  tertiary  period,  although  these  are  so 
largely  developed  in  the  immediate  neighbourhood,  occur  in  the  pro- 
montory of  Gibraltar ;  neither  are  there  any  newer  tertiary  deposits, 
unless  we  call  the  breccia,  in  which  the  bones  of  the  cave-bear  and 
fossil  elephant  have  been  found,  tertiary.  The  post-tertiary  rocks  are 
numerous,  and  of  great  geological  interest  from  the  light  they  throw 
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upon  the  former  changes  which  the  rock  must  ha^e  undergone  sub- 
sequently to  its  first  upheaval.     The  most  important  of  these  is  a 
red  sandstone  containing  recent  marine  shells :  on  the  south-east  it 
attains  a  thickness  of  not  less  than  300  feet :  it  is  formed  of  water- 
worn  grains  of  quartz  cemented  by  the  calcareous  matter  deposited 
by  the  water  which  percolates  through  the  superincumbent  rock ;  it 
is  extremely  hard  and  tough,  and  is  used  in  preference  to  the  se- 
condary limestone  for  lining  the  embrasures.     The  next  in  import- 
ance is  the  breccia  which  covers  the  flanks  of  the  mountain.     It  is 
chiefly  composed  of  great  and  small  fragments  of  the  limestone  ce- 
mented in  the  same  manner  as  the  sandstone.    We  also  find  masses 
of  soil  and  mud  similarly  cemented,  and  in  these  the  bones  and  shells 
of  land  animals  have  been  found.    They  form  the  well-known  bone- 
breccia  of  Gibraltar,  some  part  of  which  must  be  of  great  antiquity, 
as  it  contains  the  bones  of  extinct  animals ;  other  parts  of  it  are  so 
modem  as  to  contain  the  remains  of  man  and  works  of  art     The 
bone-breccia  has  been  discovered  in  various  parts  of  the  rock,  but 
the  principal  locality  in  which  it  occurs  is  a  fissure  in  the  face  of  the 
clifi'  at  Rosia  Bay.    In  scarping  the  rock  for  the  purpose  of  making 
it  more  inaccessible,  much  of  the  bone-breccia  has  been  removed,  but 
enough  remains  to  show  its  origin.     It  is  lodged  in  a  fissure  which 
has  evidently  been  connected  with  a  cavern,  the  habitation  of  car- 
nivorous animals ;  the  floor,  like  that  of  the  present  open  caves,  has 
been  formed  by  the  dust  of  vegetable  soil,  blown  into  them  during 
the  dry  season :  this  has  become  mixed  up  with  fragments  and  mi- 
nute splinters  of  bone — the  remains  of  the  prey  of  its  former  inha- 
bitants.   A  land-flood  has  swept  this  bony  mud  in  a  semi-fluid  state 
into  the  fissure,  where  it  is  now  found.  The  direction  of  the  flow  can 
be  distinctly  traced.    The  splinters,  instead  of  being  arranged  hori- 
sontally,  are  generally  vertical,  or  rather  parallel  to  the  sides  of  the 
fissure ;  the  mud  has  in  time  been  indurated  into  breccia  by  calca- 
reous infiltration,  and  afterwards  cracked  across  by  some  of  the  num- 
berless shocks  to  which  the  rock  has  been  exposed  while  this  trans- 
ver^  fissure  has  in  its  turn  been  filled  with  stalagmite.     Major 
Imriey  who  has  described  the  geology  of  Gibraltar  in  the  Transac- 
tions of  the  Royal  Society  of  Edinburgh,  observed  this  circumstance, 
and  inferred  from  the  septa  or  divisions  thus  formed  that  the  fissure 
had  been  filled  at  different  periods.     This  however  is  not  the  case ; 
for  not  only  is  the  fiow  uninterrupted,  but  a  pebble  has  been  cracked 
across,  one  half  of  which  is  above  and  the  other  below  the  division. 
There  are  larger  fragments  mixed  with  the  splinters,  upon  one  of 
which  I  observed  the  marks  of  the  teeth  of  some  animal.   The  cave 
which  has  furnished  the  bony  matter  no  longer  exists,  but  this  can 
excite  no  surprise  where  so  many  causes  of  ruin  have  occurred,  and 
in  point  of  fact  this  locality  forms  part  of  the  great  landslip  to  be 
afterwards  described.     I  have  no  additions  to  make  to  the  list  of 
animals  whose  bones  have  been  found  in  this  breccia,  except  those 
of  the  cave -bear  and  the  fossil  elephant.     By  permission  of  the  Go- 
vernor I  made  an  excavation  in  Martin's  Cave,  but  with  no  other 
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success  than  the  discovery  of  rude  fragments  of  pottery,  a  piece  of 
incited  lead,  and  the  bones  of  recent  animals. 

The  subordinate  beds  of  chert  present  no  peculiarity  which  re- 
quires to  be  noticed,  and  there  has  been  no  coal  found  in  situ  upon 
the  rock  itself.  I  shall  now  proceed  to  inquire  into  the  geological 
causes  to  which  the  rock  owes  its  present  configuration. 

Its  geological  history  is  instructive  as  an  example  of  the  extraor- 
dinary number  as  well  as  complicated  nature  of  the  movements  which 
have  caused  the  irregularities  on  the  surface  of  the  earth.  We  are 
apt  to  ascribe  the  presence  of  marine  remains  in  elevated  situations 
to  some  great  convulsion  by  which  they  have  been  raised  from  the 
bottom  of  the  sea,  and  to  suppose  that  they  have  remained  subjected 
to  no  changes  but  such  as  are  caused  by  the  diurnal  action  of  the 
elements ;  but  an  examination  of  the  mountain  of  Gibraltar  forces  us 
to  admit  that  it  must  have  undergone  not  one  but  many  movements 
both  of  elevation  and  depression,  some  of  them  attended  with  rup- 
ture and  dislocation  of  the  strata,  others  with  mere  changes  of  level ; 
to  these  must  be  added  the  effects  of  chemical  agents,  landslips, 
blown  sands,  and  the  wasting  action  of  the  sea.  Some  of  the  dis- 
turbances must  have  obliterated  every  trace  of  preceding  ones ;  but 
although  we  cannot  hope  to  be  able  to  describe  all  the  changes  which 
have  taken  place,  enough  of  evidence  remains  to  attest  the  existence 
of  many  of  them,  and  to  furnish  a  clue  by  which  we  can  in  some 
measure  decipher  the  order  of  their  occurrence. 

We  know  from  the  marine  remains  contained  in  them  that  the 
beds  of  limestone  must  have  been  formed  at  the  bottom  of  the  sea 
during  the  secondary  period  in  a  position  nearly  horizontal,  and  that 
they  must  have  been  lifted  up  to  an  angle  with  the  horizon  by  some 
force  acting  from  below,  doubtless  of  an  igneous  nature.  Whatever 
it  was  it  must  have  been  deep-seated,  and  there  are  no  igneous  rocks 
in  the  neighbourhood. 

A  force  sufficient  to  rend  the  superincumbent  beds  would  tilt  them 
upwards  on  one  or  both  sides  of  the  rent,  and  if  any  part  of  them 
stood  above  the  surface  it  would  assume  the  form  of  a  three-sided 
prism,  one  of  whose  sides  coincided  with  the  planes  of  the  beds,  an- 
other with  their  truncated  edges ;  the  third  side,  or  apparent  bas^ 
would  be  formed  by  the  surface  of  the  sea,  whilst  the  ends  of  the 
prism  would  be  nearly  perpendicular.  It  would  appear  in  the  case 
of  Gibraltar  that  the  rent  or  fissure  caused  by  the  subterranean  force 
ran  south  and  north ;  that  the  beds  gave  way  on  one  side  of  the  rent 
(the  west)  and  were  lifted  up  to  an  angle  of  about  19^.  From  the 
natural  tendency  which  hard  flat  bodies  have  to  break  across  at  right 
angles,  the  inclination  of  one  of  the  slopes  being  19^,  that  on  the 
opposite  side  of  the  ridge  would  be  about  71^>  the  complement  of 
the  right  angle,  whilst  the  ends  would  be  perpendicular. 

If  we  raise  the  front  edges  of  an  octavo  volume  about  an  inch  and 
a  half  off  a  table,  leaving  the  back  resting  upon  it,  and  suppose  it 
nearly  submerged  in  water,  the  part  above  the  surface  would  afford 
a  tolerably  correct  model  of  what  the  rock  must  have  been  after  its 
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first  upheaval.  The  boards  would  be  found  to  form  an  angle  of 
about  19'^  with  the  surface,  the  front  edges  71°,  whilst  the  ends  would 
be  vertical. 

This,  if  not  the  original  form,  is  at  all  events  the  roos«t  ancient  form 
of  the  rock  of  which  any  evidence  remains.  In  its  northern  extremity 
we  have  the  ruins  of  what  must  have  been  one  of  the  ends  of  the 
great  prism,  and  in  the  stupendous  escarpment  of  the  North  Front 
its  vertical  termination. 

The  earliest  epoch  in  the  history  of  the  rock  is  that  in  which  its 
beds  were  deposited  at  the  bottom  of  the  secondary  ocean.  The 
second  is  that  which  followed  the  first  upheaval,  in  which  it  took  the 
form  already  described.  In  this  position  fresh  beds  would  be  de- 
posited round  its  base  composed  of  the  disintegrated  matter  of  the 
rock  itself  and  that  of  the  neighbouring  shores. 


a.  Eterated  limestone  rock.  b.  Sea  forming  new  deposits  at  its  base. 

Accordingly  we  find  in  different  parts  of  the  rock,  and  chiefly  in 
the  presence  of  raised  marine  deposits  which  must  have  been  de- 
posited subsequently  to  the  first  upheaval,  but  anterior  to  the  second, 
proofs  not  only  of  the  changes  of  level  which  it  must  have  under- 
gone during  this  period,  but  also  of  the  long  duration  of  the  period. 
In  process  of  time  however  a  second  upheaval  has  taken  place  which 
tilted  up  the  beds  IS^  more  than  they  were  at  first:  this  disturbance 
however  did  not  extend  to  the  whole  peninsula,  the  northern  part 
being  left  in  its  original  position :  the  rock  must  therefore  have  been 
broken  across  and  the  line  of  fracture  must  be  that  which  separates 
the  beds  in  the  original  position  with  a  dip  of  19°  from  that  part 
which  has  been  elevated  19°  more,  and  is  consequently  at  an  angle 
of  S8°.  This  separating  line  is  well-marked  by  the  gap  in  the  sum- 
mit and  ravines  on  the  sides  which  separate  the  Middle  Hill  from 
that  on  the  north  or  Rock-gun  Height  (see  first  diagram  in  page  41^). 

The  consequence  of  this  movement  has  been  to  place  the  oldest 
or  limestone  beds  at  the  inclination  of  38°,  in  which  we  find  them  at 
Middle  Hill,  and  the  new  beds  subsequently  formed  at  an  angle  of 
19°,  or  sloping  inwards  to  the  hill,  as  may  be  observed  at  its  base. 
During  the  long  continuance  of  the  preceding  epoch,  the  wasting 
action  of  the  sea  had  scooped  out  a  cliff  and  terrace :  upon  this  ter- 
race horizontal  beds  of  sand  had  been  deposited,  and  upon  these, 
again,  newer  beds  have  been  deposited  unconformably  or  sloping 
outwards.  Finally,  in  one  of  the  numerous  changes  of  level  to  whi(!ii 
the  rock  has  been  subjected,  and  of  which  proof  will  be  afterwards 
offered,  the  whole  of  these  beds  have  been  lifted  up  and  covered 
with  the  blown  sands  of  Catalan  Bay  on  the  east  side.  These  sands 
slope  against  the  face  of  the  cliff  at  an  angle  of  30°,  at  which  incU- 
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nation  they  are  kept  by  the  winds  from  the  east,  which  are  the  only 
ones  which  reach  them. 


In  the  above  diagram  (3),  which  represents  a  section  from  west 
to  east  of  Middle  Hill,  a  is  the  limestone;  6,  thin  beds  of  sandstone 
resting  unconformably  upon  it  at  an  angle  of  19°;  rr,  beds  of  sand- 
stone and  sand  formed  subsequently  to  the  second  upheaval,  but 
when  the  sea-level  was  different ;  ddy  the  present  beaches;  «,  blown 
sands.  With  the  exception  of  the  limestone,  the  mineral  composi- 
tion of  all  these  beds  is  the  same,  consisting  of  comminuted  parti- 
cles of  limestone  and  quartz,  b  and  c  have  been  indurated  into 
thiii  crumbling  strata;  they  contain  fragments  of  sea-shells,  but 
although  I  have  found  none  sufficiently  entire  to  ascertain  the  spe- 
cies, they  have  all  the  appearance  of  being  recent 

A  third  upheaval  in  the  same  direction,  but  still  further  to  the 
south,  has  again  tilted  up  the  beds  in  that  part  of  the  rock  about 
1 9°,  leaving  the  northern  and  middle  hills  in  their  former  position, 
but  inclining  the  strata  to  the  south  to  57° ;  the  line  of  division  is 
marked  by  an  indentation  to  the  south  of  the  signal-post,  called  in 
Spanish  La  Quehrada^  or  broken  ground.  We  are  now  arrived  at 
the  fourth  epoch  in  the  history  of  the  rock ;  and  in  this  locality  we 
find  deposits  belonging  to  each.  At  one  spot  a  little  to  the  east  of 
Martin  s  Cave,  and  looking  towards  it,  the  whole  of  them  may  be 
seen  in  juxtaposition. 

4. 

O'Hsn's  Tower. 


In  the  diagram  marked  (4),  which  represents  a  section  from  west 
to  east  of  the  third  or  0*Hara's  Tower  height,  the  secondary  lime- 
stone (a),  originally  level,  has  been  lifted  up  by  repeated  upheavals 
to  an  angle  of  57  ;  the  beds  (6)  formed  at  the  base  of  the  rock 
subsequently  to  the  first  upheaval,  have  been  lifted  up  by  the  second 
and  third  upheaval  to  an  angle  of  32°.  As  the  two  preceding  move- 
ments were  of  19°  each,  had  the  beds  at  b  been  originally  hori- 
zontal, the  angle  would  have  been  38° ;  they  must  therefore  have 
sloped  outwards  6°,  which  is  about  the  inclination  of  the  present 


SMITH  ON  GIBRALTAR.  47 

s&nds  on  the  eastern  beach.  In  mineral  structure  they  are  precisely 
the  same  as  those  forming  at  the  present  day,  except  that  they  are 
hardened  into  stone  by  the  percolation  of  calcareous  water,  and 
tinged  of  a  reddish  colour  by  the  oxide  of  iron  :  the  separate  beds 
at  this  particular  point  are  but  a  fraction  of  an  inch  in  thickness, 
but  the  mass  composed  of  them  is  nearly  100  feet  thick. 

In  the  same  diagram  (c)  represents  beds  formed  during  the  pre- 
ceding period,  and  th^se  must  have  been  horizontal,  as  their  slope 
inwards  is  exactly  the  amount  of  the  third  upheaval.  At  (d)  are  other 
beds  formed  sulraequently  to  the  last  upheaval,  but  when  the  sea- 
level  was  different :  at  this  locality  they  form  the  floor  of  an  ancient 
sea-worn  cave,  and  contain  marine  remains.  The  only  species 
I  have  been  able  to  make  out,  the  Patella  ferruginea^  is  still  to  be 
found  recent  in  the  Mediterranean.  This  last  bed  I  ascertained  by 
barometrical  measurement  to  be  nearly  600  feet  above  the  present 
sea-leveL  The  rough  ground  on  the  left  represents  an  extensive 
landslip,  of  great  antiquity. 

Above  this  series  we  come  to  Martin's  Cave  ;  the  floor  of  it  slopes 
inwards  11^;  it  is  evidently  sea-worn,  and  must  have  been  formed 
during  the  preceding  period,  or  that  between  the  second  and  third 
upheavals,  when  it  must  have  sloped  outwards  8^,  an  angle  corre- 
sponding with  the  present  shore,  which  varies  from  8°  to  4°.  To 
this  period  also  belong  beds  of  modem  sandstone,  which  are  about 
100  feet  higher,  or  700  feet  above  the  present  sea-level,  and  which 
also  dip  inwards  11^;  these  last  contain  marine  shells,  apparently 
recent;  they  occur  near  the  mouth  of  two  sea-worn  caves,  which 
however  belong  to  the  subsequent  epoch,  as  their  floors  are  hori- 
acontal. 

Still  further  to  the  south  other  disturbances  must  have  taken 
place ;  but  we  want  the  evidence  furnished  by  inclined  modem  de- 
posits to  ascertain  their  number  and  amount.  I  am  inclined  to 
think  that  one  or  more  upheavab  raised  up  the  beds  till  they  became 
vertical,  and  then  overset  them,  because  we  find  the  beds  at  the 
south  end  of  the  elevated  part  of  the  rock  nearly  vertical,  whilst 
further  to  the  south  they  dip  in  an  opposite  direction,  or  to  the 
east ;  we  have  evidence  of  at  least  one  upheaval  subsequent  to  the 
last-mentioned.  Immediately  under  that  part  of  the  rock  where 
the  beds  are  vertical,  there  is  a  sea- worn  cave  (Flint's)  elevated  about 
fifty  feet  above  the  sea,  with  beds  of  sandstone  below  it  dipping 
inwards  11°;  this  indicates  that  the  movement  has  been  in  the  same 
direction  as  those  which  preceded  it,  that  is,  giving  the  beds  a  dip 
to  the  westward:  thus,  by  a  series  of  consecutive  upheavals,  the 
beds  have  been  raised  from  their  original  horizontality  till  they  be- 
came vertical ;  beyond  this  they  dip  in  an  opposite  direction ;  but 
whether  they  have  been  thrown  down  from  the  vertical,  or  raised  up 
from  the  horizontal  position,  is  a  point  concerning  which  I  have  no 
evidence  to  offer.  The  inclination  of  the  beds  of  shale  on  the  west 
side,  and  the  precipice  or  cliff  already  described,  were  perhaps 
caused  by  or  connected  with  the  upheavals,  of  which  we  have  such 
distinct  traces  on  the  eastern  side.     But  this  part  of  the  rock  is  so 
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much  obscured  by  sands,  breccia  and  vegetable  soil,  as  to  prevent 
any  satisfactory  conclusions  being  arrived  at 

The  next  class  of  movements  to  which  the  rock  has  been  sub- 
jected is  that  producing  general  change  of  leveL  No  such  change 
has  taken  place  during  the  historical,  or  probably  the  human  period. 
Ancient  geographers  describe  it  as  almost  surrounded  by  the  sea ; 
the  ruins  of  Carteia,  a  city  of  antiquity  in  the  time  of  the  Roman 
republic,  can  be  traced  to  the  level  of  the  sea ;  and  ancient  graves, 
containing  stone  hatchets  and  daggers,  have  recently  been  disco- 
vered not  more  than  ten  feet  above  it. 

The  sandy  plain  immediately  to  the  north  of  the  Fortress  appears 
to  have  belonged  to  the  period  of  stationary  level  which  imme- 
diately preceded  the  present :  it  is  full  of  marine  shells.  On  the 
British  side  of  the  Spanish  lines  the  ground  has  been  much  dis- 
turbed by  the  operations  of  the  different  sieges,  but  beyond  them  it 
is  in  its  natural  state,  and  affords  a  most  perfect  example  of  a  raised 
shallow  sea-bottom.  On  the  west  side  it  is  buried  under  sand-hilb, 
but  on  the  east,  where  it  is  exposed  to  the  winds  from  the  Mediter- 
ranean, the  sands  have  been  blown  away,  leaving  the  deserted 
shells  on  the  surface  in  such  numbers,  that  when  seen  from  the 
summit  of  the  rock  the  ground  is  absolutely  white  with  them. 
Notwithstanding  their  numbers,  however,  on  my  first  examination  I 
could  not  find  more  than  five  or  six  species,  and  these  exclusively 
bivalves,  the  most  numerous  of  which  were  the  Cardium  tubercu* 
tare  J  Pectunculus  pilosuSf  Donax  irunculus^  and  a  Venus  allied  to 
Venus  gallina,  the  V.  senilis  of  Philippi.  An  examination  of  the 
sandy  bottom  of  the  bay  by  the  dredge  showed  that  it  also  was  the 
exclusive  habitation  of  gregarious  bivalves.  The  Spanish  boats 
dredge  for  shell-fish  in  the  adjoining  bay  in  about  two-fathoms 
water:  in  examining  the  cargo  of  one  of  the  boats,  I  found  but  one 
univalve,  which  contained  a  hermit  crab,  as  if  to  prove  that  it  was  a 
straggler.  The  species  were  the  same  as  those  of  the  raised  deposit ; 
the  only  difference  I  could  observe  was,  that  the  thick  and  strong 
shells,  the  Cardium  and  PectunculuSf  were  more  abundant  in  pro- 
portion than  in  the  ancient  deposit ;  but  this  is  easily  accounted  for, 
since  these  shells  live  in  agitated  water,  and  though  they  abound  on 
the  Mediterranean  side  of  the  neck  of  land,  they  are  rare  on  the 
shores  of  the  bay  side ;  but  when  it  was  covered  by  the  sea  it  was 
unsheltered,  and  naturally  contained  both  kinds  of  mollusks.  No- 
thing, indeed,  can  be  more  perfect  than  the  resemblance  of  this 
ancient  sea-bottom  to  that  of  the  present  bay,  or,  rather,  to  the  ap- 
pearance which  it  would  present  if  raised  above  the  sea,  since 
the  eastwardly  winds  from  the  Mediterranean  would  then  blow  the 
sands  to  the  west  side,  and  leave  the  shells  on  the  surface.  As 
the  boats  dredge  in  two-fathoms  water,  and  this  shelly  deposit  is 
raised  about  two  fathoms,  the  difference  or  amount  of  the  change 
must  have  been  about  24  feet  Now  it  is  remarkable  that  ex- 
actly 24  feet  above  the  present  littoral  zone  an  ancient  one  was 
discovered,  in  which  the  resemblance  was,  if  possible,  still  more 
perfect  than  in  the  corresponding  sea-bottoms.     The  rocky  shores 
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on  the  east  side  of  the  rock,  between  high  and  low  water,  are  per- 
forated by  Lithodomi,  and  covered  with  Balani  and  numerous  clus- 
ters of  the  rock  mussel  (Jfyiilus  arcuatus).  In  the  elevated  depoeit 
the  Balani  were  still  adherent,  the  shelb  of  the  Pholades  in  their 
holes,  and  the  clusters  of  mussels  in  the  most  perfect  state.  These 
fossils  were  found  in  a  crevice,  and  their  preservation  b  owing  to  a 
thin  coating  of  stalagmite.  From  the  state  of  the  shells,  with  both 
valves  adhering,  the  animals  must  have  been  alive  when  the  ele- 
vation took  place:  I  infer  therefore  that  it  was  instantaneous. 
This  deposit  was  discovered  in  a  quarry  at  the  North  Front.  In 
scarping  the  ancient  sea-cliff  at  Europa  Point,  a  raised  beach  was 
found  at  the  height  of  50  feet,  and  another  20  feet  higher ;  in  this 
last  the  molar  tooth  of  the  fossil  elephant  was  found  with  sea-shells 
adhering  to  it :  from  these  deposits  I  collected  nearly  100  species, 
all  recent;  the  cliff  in  which  they  were  found  is  about  80  feet  high. 
Above  this  is  the  extensive  sea- worn  plateau  of  the  Europa  Flats  ; 
its  surface  is  almost  entirely  composed  of  bare  water-worn  rock,  but 
there  are  notwithstanding  patches  of  the  indurated  sand,  in  which  I 
found  imbedded  a  valve  of  the  Pecten  maximus  and  other  fragments 
of  shells.  This  plateau  is  backed  by  a  second  range  of  cliffs,  in  the 
front  of  which,  at  the  height  of  170  feet  above  the  sea,  there  is  an 
oyster-bed ;  and  in  the  same  cliff,  but  94  feet  higher,  in  scarping  the 
rock,  there  was  discovered  another  recent  shelly  deposit.  On  the 
east  side  of  the  rock,  just  above  the  third  Europa  advance  battery, 
there  is  a  bed  of  bivalves  (Pectuneuh),  corresponding  in  height  with 
the  oyster-bed ;  and  on  the  same  side  of  the  rock  the  hard  modem 
sandstone,  already  mentioned,  occurs  in  beds  of  great  thickness, 
with  occasional  sea-shells,  all  recent.  At  the  height  of  600  feet  I 
found,  as  formerly  noticed,  a  similar  bed  with  recent  shells.  AH  the 
deposits  hitherto  mentioned  are  in  their  natural  position,  and  are 
consequently  newer  than  the  upheavals  attended  by  dislocation  and 
change  of  position.  But  although  600  feet  is  the  highest  point  at 
which  we  have  the  evidence  of  organic  remains  to  prove  these  more 
recent  changes  of  level,  yet,  as  the  whole  surface  of  the  rock  is  sea- 
worn,  and  I  find  no  break  in  the  continuity  of  the  surface,  and  as 
also  many  of  the  sea-worn  caves,  at  much  higher  levels,  are  in  their 
natural  position,  I  infer  that  the  whole  mountain  up  to  its  summit, 
a  height  of  1470  feet,  has  been  submerged  subsequently  to  the  last 
of  the  disturbances. 

We  cannot  account  for  the  phenomena  which  present  themselves 
without  supposing  movements  of  depression  as  well  as  of  elevation  ; 
hut  such  movements  are  always  difficult  of  proof,  because  the  sea 
washes  away  and  re-arranges  die  loose  unconsolidated  beds :  hence 
vegetable  deposits,  such  as  submarine  and  subterranean  forests,  are 
exceptional  cases  of  rare  occurrence ;  but  where  petrifaction  has 
taken  place,  the  sea  does  not  destroy  the  rocks.  Beds  formed  of 
vegetable  soil  and  mud,  and  containing  nothing  but  the  remains  of 
land  animals,  converted  into  breccia  by  calcareous  water,  must  have 
been  formed  on  land ;  and  as  we  find  at  Gibraltar  such  beds  passing 
under  the  sea,  we  must  admit  a  depression  of  the  land  since  they 
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were  formed.  I  am  satisfied  however  that  the  formation  of  every 
variety  of  the  Gibraltar  breccia  is  a  subaerial  process;  the  rain- 
water, percolating  through  the  fissures  which  everywhere  intersect 
the  rock,  dissolves  a  certain  quantity,  but  as  the  largest  portion  of 
the  water  is  evaporated  before  it  reaches  the  sea,  it  deposits  the 
calcareous  matter  upon  whatever  it  comes  in  contact  with,  and 
unites  the  whole  into  breccia,  a  process  which  cannot  take  place 
under  water;  but  if  we  admit  that  the  breccia  has  been  formed 
upon  land,  we  must  also  admit  many  and  extensive  movements  of 
depression,  for  we  everywhere  find  it  sea-worn.  When  the  beds  are 
marine,  they  must  have  been  elevated  before  they  were  cemented 
into  breccia,  again  depressed  before  they  were  water-worn  and 
scooped  into  sea-oaves,  and  after  that  elevated  many  hundred  feet 
above  the  sea,  as  we  find  them  near  Martin's  Cave. 

The  next  class  of  causes  which  have  acted  upon  the  rock  of 
Gibraltar  are  of  a  chemical  nature,  and  to  one  of  these  I  have  ascribed 
the  formation  of  the  breccia,  namely  the  solvent  quality  of  water 
combined  with  a  certain  portion  of  carbonic  acid ;  and  when  we  con- 
sider the  extraordinary  quantity  of  breccia  which  everywhere  coven 
the  flanks  of  the  mountain,  and  the  quantity  of  calcareous  matter 
required  to  cement  it,  which  has  been  abstracted  from  its  internal 
recesses,  we  can  have  no  difficulty  in  accounting  for  the  number 
and  extent  of  its  caverns.  Several  of  these,  as  formerly  noticed,  are 
external,  and  have  been  scooped  out  by  the  sea;  yet  even  these» 
when  we  examine  them,  are  generally  found  to  be  pre-existing  fis- 
sures widened.  The  sea-worn  caves  are  horizontal  and  at  right 
angles  with  the  line  of  coast ;  the  internal  ones  are  vertical  and 
branch  out  in  every  direction :  one  of  these,  the  well-known  cave  of 
St.  Michael,  is  of  unknown  extent,  and  from  the  recent  researches 
of  Lieutenant  Risk,  R.N.,  appears  to  communicate  with  both  sides 
of  the  mountain  ;  on  the  east  side^  which  is  not  obscured  by  vegeta- 
tion, may  be  seen  in  inaccessible  situations  the  openings  of  many 
such  caverns. 

The  great  mass  of  the  breccia  is  composed  of  the  fVagments  of  lime- 
stone, which  have  been  thrown  down  or  fallen  to  the  base  of  the  rock ; 
the  next  in  quantity  is  composed  of  the  marine  sandstone.  It  is  to 
be  observed,  that  where  these  bedf«  are  not  in  a  position  to  receive 
the  water  from  the  limestone  rock,  they  have  not  been  converted 
into  breccia.  This  is  the  case  with  the  extensive  beds  of  sand  on 
the  west  side ;  the  water  which  falls  upon  them  does  not  pass  over 
the  rock,  and  they  are  still  unconsolidated. 

Landslips, — At  the  base  of  the  southern  eminence  we  have  proofs 
of  an  extensive  landslip ;  the  rock  which  has  given  way  is  limestone 
breccia ;  the  sides  of  the  ravines  are  water-worn,  showing  change  of 
level  since  it  took  place.  At  the  base  of  the  North  Front  there  hat 
been  another  landslip,  also  previous  to  the  present  sea-level,  as  the 
mass  of  rock  which  has  fallen  down  has  been  hollowed  out  all  round 
by  the  action  of  the  sea. 

The  inland  difis  and  terraces  at  the  southern  extremity,  as  well  oi 
the  littoral  caverns,  which  are  numerous,  and  occur  at  every  elevft* 
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tkm  from  the  present  shore  to  near  the  summit,  are  evidently  the 
result  of  the  long-continued  action  of  the  sea. 

In  conclusion,  I  hare  to  observe  that  these  disturbances,  of  which 
we  have  such  clear  proofs,  form  but  a  portion  of  those  to  which  the 
rock  has  been  sul^ected ;  they  give  us  in  chronological  order  the 
geological  history  of  the  elevated  part,  but  throw  no  light  on  the 
relative  antiquity  of  those  disturbances  which  have  lifted  up  the 
beds  at  its  western  base  to  a  vertical  position,  or  elevated  those  at 
the  south  with  an  inclination  opposite  to  that  of  those  at  the  north, 
or  caused  the  great  escarpment  of  the  western  slope  of  the  moun- 
tain. 

With  regard  to  the  period  in  which  the  upheavals  attended  with 
rupture  and  dislocation  of  the  strata  took  place,  we  have  scarcely 
any  evidence ;  those  shells  which  were  deposited  before  they  ceased 
kave  the  appearance  of  being  recent,  but  the  number  of  species  is  too 
few  in  the  beds  deposited  before  the  last  of  these  disturbances  to  af- 
ford any  certain  inferences  as  to  their  age.  On  the  other  hand,  we 
kave  ample  evidence  to  prove,  that,  since  the  testaceous  fauna  was 
the  same  as  at  present,  many  movements  both  of  elevation  and  de- 
pression must  have  taken  place. 


De9cripium  cf  tame  Fossil  Fruits  from  the  Chalk  Formation  of  the 
South-east  of  England.  By  Gideon  Algernon  Mantell, 
LL.D.,  F.R.S.  &c. 

[Resd  Jsnusry  18, 1843.] 

Plate  II. 

The  small  number  of  plants  hitherto  discovered  in  the  Chalk  forma- 
tion of  England  renders  any  addition  to  the  Cretaceous  flora  import- 
ant ;  I  am  therefore  induced  to  lay  before  the  Society  descriptions 
and  figures  of  three  fruits  from  the  Chalk  and  Lower  greensand  of 
Kent  and  Sussex,  that  an  authentic  record  may  be  preserved  of 
these  unique  and  interesting  relics. 

1*  Zamia  Susssxibnsis,  Mantell.     Plate  II.  fig.  1. 
From  the  lower  greensand  at  Selmeston,  Sussex. 

More  than  twenty  years  since  I  discovered  a  deposit  of  calca- 
reotts  wood  in  the  strata  of  greensand  near  Willingdon,  a  village 
about  three  miles  to  the  north-west  of  Eastboum,  in  the  county  of 
Susaex  :  a  similar  accumulation  of  fossil  wood  occurs  in  a  sand-bank 
in  the  adjacent  parish  of  Selmeston,  at  the  junction  of  the  lower  green- 
sand with  the  gault,  and  is  described  in  my  '  Fossils  of  the  South 
Downs  *  (p.  76).  The  specimens  collected  from  these  localities  con»> 
sist  of  waterwom  fragments  of  stems  and  branches,  which  are  gene- 
rally more  or  less  perforated  by  boring  molluscs. 

The  structure  of  the  wood  is  decidedly  coniferous;  transverse 
sections  present  concentric  circles  and  medullary  rays,  and  a  reti- 
culated turfttce  composed  of  distinct  cellules,  varying  in  form  fVom 

b2 
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the  circular  to  the  elliptical.  In  a  longitudinal  division  the  tubes  or 
woody  fibres  are  seen  to  be  uniform,  and  to  have  their  walls  studded 
with  nearly  circular  discs  or  areolse  disposed  in  double  rows,  the 
discs  being  irregularly  alternate,  as  in  the  recent  Araucaria*  In 
a  few  examples  spiral  vessels  are  discernible.  The  cone  here  deli- 
neated (fig.  1)  was  found  among  the  wood  at  Selmeston  about  two 
years  since,  and  is  the  only  known  specimen.  It  is  five  and  a  half 
inches  long,  and  at  the  greatest  circumference  measures  six  inches. 
M.  Adolphe  Brongniart,  to  whom  I  transmitted  a  model  and  descrip- 
tion of  this  fossil,  observes,  "  Le  modele  en  platre  du  cone  que  vous 
m'avez  envoy 6  est  assez  difficile  a  juger  sans  avoir  vu  T^chantillon 
lui-m^me,  et  par  consequent  mon  opinion  ne  pent  ^tre  que  fort 
hasarde,  mais  je  serai  plutdt  port6  a  penser  que  c*est  une  jeune  tige 
de  Cycad^e  qu'un  fruit  de  conifere.  Ce  pourrait  aussi  etre  unfruii 
de  Zamia ;  mais  Texamen  de  r^chantillon  en  nature,  et  surtout  sa 
coupe  transversale,  serait  n^cessaire  pour  avoir  une  opinion  positive.** 
But  although  at  first  sight  this  fossil,  as  M.  Brongniart  remarks, 
might  be  taken  for  the  stem  of  a  young  cycadeous  plant,  the  situa- 
tion and  small  size  of  the  stalk  at  the  base  (fig.  1.  a),  and  the 
appearance  of  the  scales  seem  to  warrant  the  conclusion  that  it  is  the 
fruit  of  a  2kimia.  This  opinion  is  supported  by  its  analogy  to  the 
beautiful  cone  from  Kent,  figured  in  the  *  Fossil  Flora  of  Great 
Britain'  as  2kimia  macrocephala  (Foss.  Flor.  plate  125).  From 
this  specimen  the  Sussex  fossil  differs,  however,  in  its  form,  and 
in  the  number,  size  and  shape  of  its  scales,  which  are  more  nu- 
merous, smaller  and  more  oblong  than  those  of  Z,  macrocephala. 
The  specimen  has  fallen  into  the  possession  of  another,  or  I  should 
have  made  a  transverse  section  of  it,  as  suggested  by  M.  Adolphe 
Brongniart. 

2.  Abies  Benstedi,  Mantell.    Plate  II.  fig.  2.  a,  6,  c. 
From  the  lower  greensand  near  Maidstone,  Kent. 

This  beautiful  cone  was  found  by  Mr.  W.  H.  Bensted  in  the 
quarry  of  Kentish  rag  near  Maidstone,  in  which  the  remains  of  the 
Iguanodon  were  discovered  in  1834.  In  my  late  communication 
on  moUuskUe,  or  the  carbonized  remains  of  the  sofl  parts  of  mol- 
lusca,  a  bed  of  drift  wood  is  described,  which  occurs  in  the  quarry 
above-mentioned,  associated  with  marine  shells.  It  was  in  this 
deposit  that  the  fossil  cone  was  found,  a  collocation  which  throws 
some  light  on  its  nature  and  origin.  The  vegetable  remains  from 
Mr.  Bensted*s  quarry  are  referable  to  the  acolyledonotiSi  monocoty- 
ledanousj  and  dicotyledonous  classes.  They  consist  of  Fucus  Tar- 
gumii  and  some  indeterminable  species  of  the  same  genus ;  of  stems, 
and  apparently  traces  of  the  foliage,  of  endogenous  trees  allied  to 
the  Draceena*,  and  of  trunks  and  branches  of  Coniferse.  The  wood 
occurs  both  in  a  calcareous  and  siliceous  state.  I  have  a  portion  of 
a  small  stem  eight  inches  long,  which  is  converted  into  black  flint 

*  Draetma  Bemtedi  of  Mr.  Konig;  the  specimens  are  now  in  the  British 

Museum. 
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to  the  extent  of  six  or  seven  inches,  while  the  remainder  is  a  friable 
carbonate  of  lime :  the  general  aspect  of  this  specimen,  and  the  in- 
dications  of  eight  irregular  branches,  prove  at  once  its  exogenous 
character.  Transverse  sections  of  the  silicified  part  exhibit  a  small 
central  pith,  faint  concentric  circles,  medullary  rays,  and  a  reticu- 
lated surface  of  very  fine,  unequal,  elongated  cellules,  resembling  the 
wood  figured  by  Mr.  Witham,  fig.  3.  pi.  5.  (Foss.  Vegetables,  Edin- 
burgh, 1831).  Longitudinal  slices  viewed  with  a  high  power  dis- 
play on  the  walb  of  the  tubes  single  rows  of  very  minute  discs  or 
areolae:  the  coniferous  nature  of  the  specimens  is  thus  placed 
beyond  all  doubt  The  cone  found  associated  with  this  wood  is  in 
every  respect  such  a  fruit  as  a  tree  with  the  structure  above  de- 
scribed might  be  expected  to  produce.  It  bears  a  close  resemblance 
to  a  fossil  from  the  greensand  of  Dorsetshire  discovered  by  Dr. 
Buckland,  and  figured  in  the '  Fossil  Flora  of  Great  Britain '  under  the 
name  of  Abies  chhnga  (Fossil  Flora,  p.  137).  In  its  general  form, 
and  in  the  shape  of  the  scales  and  seeds,  the  Maidstone  specimen  is 
decidedly  distinct.  Unfortunately  the  outer  surface  is  so  much 
worn  that  the  external  figure  of  the  scales  cannot  be  accurately 
defined,  but  the  sections  show  their  proportionate  thickness,  and  as 
Alnes  is  distinguished  from  Pinus  by  the  thinness  of  the  ends  of  the 
scales,  the  affinity  of  the  fossil  is  clearly  pointed  out.  There  is  an 
opening  at  the  base  of  the  cone  occasioned  by  the  removal  of  the 
stalk  (see  PI.  II.  fig.  2.),  and  an  accidental  oblique  fracture  ex- 
hibits the  internal  structure.  In  the  longitudinal  section  thus  ex- 
posed (fig.  2.  a)  the  scales  are  seen  to  be  rounded  and  broad  at 
their  base,  and  to  rise  gradually  and  become  thin  at  their  outer  termi- 
nations. The  seeds  are  oblong,  and  one  seed  is  imbedded  within  the 
base  of  each  scale  ;  in  some  instances  there  appear  to  be  the  remains 
of  the  embryo  (PI.  II.  ^%.  2.  b),  Mr.  Morris,  upon  inspecting  this 
specimen,  remarked,  **  that  it  has  a  great  afiinity  to  Abies  oblonga  of 
Lindley  and  Hutton,  but  is  more  spherical,  and  the  scales  are 
smaller,  more  regular  and  numerous."  As  the  fracture  is  oblique 
the  central  axis  is  not  displayed,  but  it  appears  to  have  been  thicker 
than  in  A,  oblonga  (see  %g.  2,  cf).  There  are  about  twenty-three 
seeds  observable  in  the  sections. 

The  cones  above-described  are  entirely  difierent  from  those 
figured  by  Dr.  Fitton  in  his  memoir  on  the  strata  below  the  chalk 
(Geological  Transactions,  2nd  Series,  vol.  iv.  pi.  22). 

3.  Carpolithes  Smithi«*,  Mantell.     Plate  II.  fig.  3.  a,  b,  c,  d. 

From  the  white  chalk  of  Kent 

Among  the  fossils  discovered  in  the  Sussex  chalk  before  the  pub- 
lication of  my  *  Illustrations  of  the  Geology  of  Sussex,*  was  a  spe- 
cimen of  so  equivocal  a  nature  as  to  render  it  doubtful  whether  it 
belonged  to  the  animal  or  vegetable  kingdom.  The  late  Mr.  Par- 
kinson, to  whom  I  showed  this  fossil,  after  much  hesitation  pro- 

*  The  specific  name  is  in  honour  of  Mrs.  Smith  of  Tunbridge  Wells,  whose 
dioiGe  collection  of  chalk  fossils  is  well  known. 
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nouDced  it  to  be  a  compressed  fruit,  and  the  following  notice  wat 
accordingly  inserted  in  the  work  above-named :  *'  A  fruit  has  lately 
been  found  in  the  lower  chalk  near  Lewes ;  it  is  of  a  reddish  brown 
colour,  and  of  a  flattened  ovate  form ;  about  two  inches  in  length 
and  an  inch  and  a  half  in  breadth.  The  surface  exhibits  a  fibroua 
appearance,  and  the  surrounding  chalk  is  tinged  with  a  bituminous 
stain." 

A  short  time  since  I  detected  in  the  cabinet  of  Mrs.  Smith  the 
only  other  specimen  I  have  seen.  A  slight  inspection  was  sufficient 
to  determine  its  vegetable  origin,  for  several  seeds  were  imbedded 
in  its  substance,  and  others  had  been  detached  in  clearing  it  from 
the  chalk.  I  am  indebted  to  Dr.  Robert  Brown  for  the  careful 
examination  of  this  fossil,  and  he  informed  me  that  he  knew  of  no 
fruit  to  which  it  bore  any  near  affinity,  but  suggested  that  the  ori* 
ginal  was  probably  a  succulent  compound  berry,  the  seeds  appearing 
to  have  been  imbedded  in  a  pulpy  substance,  like  the  fruit  of  the 
mulberry,  which  is  a  spurious  compound  berry,  formed  by  a  partial 
union  of  the  enlarged  and  fleshy  calyces,  each  enclosing  a  dry 
membranous  pericarp. 

I  despair  of  arriving  at  more  satisfactory  conclusions  as  to  the 
nature  of  the  original  until  other  examples  of  this  curious  fossil  shall 
be  discovered,  and  have  therefore  placed  it  in  the  provisional  genus 
Carpolithes, 

The  specimen  and  the  detached  seeds  have  been  drawn  by  M • 
Dinkel  with  scrupulous  fidelity,  and  these  delineations  will  convey  a 
more  correct  idea  of  the  originals  than  any  detailed  description. 

I  will  conclude  this  brief  communication  with  the  remark,  that 
the  occurrence  of  the  fruit  and  foliage  of  coniferous  plants  in  the 
Wealden,  and  the  collocation  of  the  cones  and  wood  above-de« 
scribed  with  numerous  remains  of  the  reptiles  peculiar  to  that  for- 
mation, indicate  that  these  terrestrial  vegetables  were  also  drifted  into 
the  chalk  ocean  from  the  country  of  the  Iguanodon. 


DESCRIPTION  OF  THE  PLATE. 

Kg.  1.  Zamia  SuiMxieniit,  n.  sp.  from  the  lower  greenstnd,  S^mestoiii  Susiex, 

a.  The  remains  of  the  stalk. 
Fig.  2.  Aides  Berutedit  n.  sp.  firom  the  lower  greensand,  Maidstone,  Kent. 

2  a.  External  surface  of  the  cone  :  the  hole  at  the  base  is  occasioned  by  the 

removal  of  the  stalk. 
2  b.  Longitudinal  section,  showing  the  seeds  imbedded  in  the  bases  of  the 
scales. 

2  e.  Enlarged  views  of  sections  of  two  scales,  each  containing  a  seed. 

Fig.  3.  CarpoHthes  Smithia,  n.  sp.  from  the  white  chalk,  Kent.    In  the  cabinet  of 
Mrs.  Smith  of  Tunbridge  WeUs. 

3  a,B  b.  Views  of  the  external  snr&oe  in  two  different  sspects. 
3  c.  Four  detached  seeds. 

3  d.  Portions  of  the  pericarp  detached,  with  several  seeds  imbedded. 
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A  Siraiiprapkkal  Account  tf  the  Section  from  Atherfield  io 
RocKEN-END  tfi  the  IsLE  OF  WioHT.  By  Wm.  H.  Fitton, 
M.D^  F.R,S.  *c> 

[Read  January  22, 1845.] 

The  south  coast  of  the  Isle  of  Wight,  it  is  well  known,  exhibits  the 
whole  series  of  deposits  from  the  chalk  down  to  the  Wealden  ;  the 
section,  especially  of  the  lower  greensand  near  Atherfield,  being  of 
greater  thickness  than  any  other  in  England,  while  it  is  continuously 
exposed  and  accessible  in  all  its  parts.  The  object  of  the  present 
communication  is  to  describe  this  remarkable  section  anew ;  the 
author  stating,  that  from  the  time  and  labour  recently  employed  in 
extending  his  collection  of  the  fossils,  he  believes  it  to  be  the  most 
complete  that  has  yet  been  brought  together.  The  description  is  illus- 
trated by  a  sectional  drawing,  and  by  a  tabular  list  of  the  strata  and 
of  the  fossils,  so  arranged  that  the  succession  of  the  beds  and  strati- 
graphical  place  or  places  of  every  species  may  be  seen  at  one  view. 
Such  a  document  being  a  picture  of  nature,  and  representing  only 
what  has  been  actually  observed,  suggests  of  itself  various  general 
views  respecting  the  order  and  distribution  of  the  fossils,  and  may 
be  employed  as  a  test  of  the  soundness  of  speculations  connected 
with  them ;  and  it  is  shown  that  some  of  the  opinions  expressed  in 
former  numbers  of  thb  Journal  derive  support  from  the  more  exten- 
sive series  of  facts  thus  displayed. 

The  fossils  here  enumerated  contain  a  very  large  number  of  those 
considered  as  characteristic  of  the  corresponding  groups  on  the  con- 
tinent of  Europe,  to  which,-in  Switzerland  and  France,  the  name  of 
•  Neocomian  *  has  been  applied  ;  but  with  these  are  several  species 
not  hitherto  found  except  in  England.  Among  the  former  some  of 
the  most  remarkable  (as  Pema  MuUetiy  &c.  &c.)  abound,  especially 
in  the  very  lowest  beds  of  the  lower  greensand,  but  are  there  accom- 
panied by  several  others,  among  which  the  genera  Thetis  and  Ger^ 
viUia  may  be  mentioned,  which  range  to  a  great  height  in  this  de- 
posit. In  minei*al  composition,  the  abundance  of  small-grained 
oolitic  iron  ore  throughout  a  large  space  in  the  section  furnishes  a 
point  of  correspondence  with  the  equivalent  groups  of  the  continent, 
which  had  not  previously  been  noticed.  And  among  the  vegetable 
remains  Mr.  Morris  has  discovered  Lonchopteris  MafUelliy  hitherto 
confined  to  the  Wealden  strata,  in  so  many  beds,  that  the  general  dif- 
fusion here  of  that  fossil  species  is  not  improbable. 

To  the  account  of  the  section  at  Atherfield  is  subjoined  a  com- 
parison with  the  three  other  sections  of  the  same  groups  visible  in 
the  Isle  of  Wight, — at  Compton,  near  Shanklin,  and  in  Sandown 
Bay :  and  it  is  stated  that  the  lowest  beds  in  all  those  places  con- 
tain many  of  the  same  remarkable  fossils,  Pema  MtUleti  especially 
having  been  thus  obtained  in  great  perfection. 

Finally,  a  brief  account  is  given  of  the  corresponding  portions  of 

*  Ordered  for  publication,  m  extento,  in  the  Transactions  of  the  Geological 
Sodefy. 
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the  subcretaceous  series  near  Vassy,  on  the  south-east  of  Paris,  and 
near  Auxerre ;  where  the  general  relations  of  the  series  and  many  of 
the  fossils  agree  with  those  of  England :  and  some  reasons  are 
mentioned  for  supposing  that  traces  even  of  the  Wealden  group  may 
be  found  to  exist  in  France,  between  the  lower  grcensand  and  the 
Portland  strata,  which  there  appear  in  a  very  dbtinct  form. 


DONATIONS 

TO  THB 

GEOLOGICAL    SOCIETY 

DURING  THE  YEAR  1845  •. 


I.   TRANSACTIONS  AND  JOURNALS. 

Presented  by  the  respective  Societies  and  Ediicrs, 

Agricultural  Society  of  England,  Journal.    Vol.  v.  part  %  and 
vol.  vi.  part  1 . 

American  Philosophical  Society,  Proceedings.    Vol.  iv.  nos.  SO,  31. 

,  A  Public  Discourse  in  commemoration  of  P.  S.  du  Pon- 
ceau, LL.D. 

Journal  of  Science.    Vol.  xlviii.  nos.  1  and  2,  and  vol.  xlix. 


nos.  1  and  2. 
Quarterly  Journal.    Vol.  i.  no.  1. 


Arts,  Society  of.  Transactions.     Vol.  Iv. 

,  Premiums  for  the  Sessions  1845-46  and  1846-47. 
Asiatic  Society  of  Great  Britain  and  Ireland,  Journal.     No.  16, 
part  1. 

Athenaeum  Journal  for  the  year  1845^ 
Berlin  Academy,  Abhandlungen,  for  1843. 

Bericht,  July  to  December  1844,  and  January  to  June 

1845. 

*  It  is  intended  that  this  list  shall  be  continued  quarterly.  The  Donations, 
since  the  list  published  in  Vol.  vi.  Part  II.  of  the  Society's  Transactions,  up  to  the 
end  of  the  year  1844  will  be  given  with  the  Title,  Index,  &c.  of  the  fourth  volume 
*vi  the  Proceedings. 
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Boston  Journal  of  Natural  History.    Vol.  iv.  no.  4,  and  vol.  v.  no.  1. 

Britbh  Association,  Report  of  the  Fourteenth  Meeting  (at  York)  in 
September  IS^^. 

Chemical  Society,  Memoirs  and  Proceedings.     Parts  10,  11, 12, 13, 
14  and  15. 

Cornwall  Geological  Society,  Thirty-first  Annual  Report,  1844. 

Cornwall  Polytechnic  Society,  Tenth,  Eleventh  and  Twelfth  An- 
nual Reports. 

Dublin  Geological  Society,  Annual  Address,  1845. 

Edinburgh,  Royal  Society  of.  Transactions.     Vol.  xvi.  part  1,  and 
vol  xvii.  part  1. 

,  Proceedings.     Vol.  ii.  nos.  25  and  26. 

France,  Geological  Society  of,  Memoirs,     Vol.  iii.  part  1. 

,  Bulletin.     2nd  Ser.  vol.  ii.  sheets  1-36  and  39-55. 

Greneva  Natural  History  Society,  Memoirs.     Vol.  x.  part  2. 

Geographical  Society,  Journal.     Vol.  xiii.  part  2 ;  vol.  xiv.  part  2 ; 
vol.  XV.  parts  1  and  2. 

Royal  Irish  Academy,  Transactions.    Vol.  xx, 

Linnean  Society,  Transactions.     Vol.  xix.  part  4. 

■■ ,  Proceedings.    Nos.  23  and  24. 


.,  List  for  1845. 


Modena  Society,  Memoirs.     Part  Fisica,  vol.  xxiii. 

Munich  Academy,  Abhandlungen.     Vol.  iv,  part  1. 

,  Bulletin.   Nos.  56  to  64, 1843,  and  nos.  1  to  50,  1844. 

,  Almanach  for  1844. 

New  York  Dissector,  a  Quarterly  Journal  of  Medicine.    Vol.  ii. 
no.  3. 

Northumberland  Natural  History  Societyi  Annual  Reports  for  1842, 
1843,  1844  and  1845. 

Paris  Academy  of  Sciences,  Comptes  Rendus,    Vol.  xix«  nos.  1  to  29, 
and  vol.  xx.  nos.  1  to  26. 

,  Archives  du  Museum.     VoL  iv.  parts  1  and  2. 


Philadelphia  Academy  of  Natural  Sciences,  Proceedings.    Vol.  ii. 
no.  7. 

Philosophical  Magazine  for  the  year.  From  R,  Taylor^  Esq,,  F,G.S. 

Royal  Society,  Philosophical  Transactions.     Part  2  for  the  year 
1844,  and  part  1  for  1845. 

Scarborough  Philosophical  Society.  Fifteenth  Annual  Report,  1845. 

Tasmanian  Journal.    Vol.  il  no.  8.   From  Sir  /« FrankUn^  K»C.H.^ 
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Washington  National  Institute,  Proceedings.     Third  Bulletin. 
Zoological  Society,  Proceedings.     Nos.  131  to  147. 
,  Reports  of  the  Council  and  Auditors,  1845. 

II.   GEOLOGICAL  BOOKS  AND  MEMOIRS. 

The  works  of  which  the  Author's  name  is  printed  in  italics  were  pre- 
setUed  by  the  respeoHve  Au^ors, 

Accam,  Frederick.  Elements  of  Crystallography.  From  A.  F. 
Mackintosh,  Esq^  F.G.S. 

Ansted,  D.  T.    The  Geologist's  Text-book. 

.    Geology  as  a  Branch  of  Education. 

Brodicy  Rev.  P,  B,  A  History  of  the  Fossil  Insects  in  the  Second- 
ary Rocks  of  England. 

Buck,  Leopold  von.  Uber  Cystideen,  eingeleitet  durch  die  Ent- 
wicklung  der  EigenthiimUchkeiten  von  Caryocrinus  omatus, 
Say. 

Buckman,  James,  and  £f,  E,  Strickland.  A  new  edition  of  Mr. 
Murchison's  Outline  of  the  Geology  of  the  neighbourhood  of 
Cheltenham. 

Glaciers  and  Icebergs  in  Scotland  in  Ancient  times.  From  the 
author. 

CatuUo,  71  A.    Memoria  sulle  Caveme  delle  Province  Venete. 

Dana,  J.  2>.  Origin  of  the  Constituent  and  Adventitious  Minerak 
of  Trap  and  the  allied  rocks. 


Notice  of  Dr.  Blum's  Treatise  on  Pseudomorphous 

Minerals. 

Dufrinoy,  P.  A.,  and  Elie  de  Beaumont.    M^moires  pour  servir  k 
one  Description  G6ologique  de  la  France. 

Emmons,  E.    The  Taconic  System. 

Explanations :   A  sequel  to  '*  Vestiges  of  the  Natural  History  of 

Creation.**    From  the  author  of  that  work. 
Fox,  R.  Were.    On  certain  Pseudomorphous  Crystals  of  Quartz. 
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NOVSMBER  5,  1845. 
The  following  communications  were  read  : — 

1 .  Obiervations  on  a  Slab  of  New  Red  Sandstone  from  the  Quarries 
ai  Weston,  near  Runcorn,  Cheshire,  containing  the  Impres- 
sions af  Footsteps  and  other  markine/s.  By  J.  Black,  Esq., 
M.D.,  F.G.S. 

Plate  V. 

The  notices  of  fossil  impressions  of  footsteps  in  the  New  red  sand- 
stone are  now  sufficiently  numerous,  as  well  in  Warwickshire  and 
Shropshire  as  in  Cheshire,  to  take  away  the  interest  of  novelty  from 
any  discovery  of  this  nature ;  yet  I  consider  the  slab  about  to  be 
described  sufficiently  new  to  justify  my  laying  the  following  account 
of  it  before  the  Geological  Society. 

The  summit  of  the  quarry  of  New  red  sandstone  whence  this  spe- 
cimen was  extracted  by  Mr.  Feraday  Smith  is  about  100  feet  above 
the  level  of  the  Mersey  at  Weston.  The  rock  is  here  worked  per- 
pendicularly to  about  fifty  feet  from  the  top,  and  the  seams  which 
contain  the  impressions  are  two  in  number  and  are  nearly  three  feet 
apart,  the  higher  being  twenty-four  feet  from  the  top.  Both  these 
seams  consist  of  from  half  to  three-quarters  of  an  inch  of  reddish 
silty  clay,  upon  which  when  soil  the  impressions  have  been  made, 
and  the  lower  series  has  larger  and  better-defined  marks  than  the 
other.  The  beds  dip  to  the  south-west  at  an  angle  of  about  10^  and 
are  of  a  red  colour  and  coarse  grain. 
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The  slab  in  question  is  seven  feet  long  by  three  and  a  half  feet 
broad.  It  contains  none  of  the  footprints  of  the  so-called  Chirothe' 
Hum  {Labyrinthodony  Owen),  but  is  full  of  those  of  smaller  reptiles, 
apparently  both  Emvdian  and  Batrachian,  besides  others  which  may 
have  been  made  by  birds.  It  is  remarkable  for  the  singular  compli- 
cation of  cracks  it  presents,  these  forming  a  net-work  more  elaborate 
than  I  have  noticed  in  other  specimens*.  It  will  readily  be  seen  from 
an  examination  of  the  slab  that  the  cracks  took  place  after  the  foot- 
marks had  been  impressed  on  the  marly  silt,  which  must  first  of  all 
have  been  slowly  and  quietly  depositee!  on  the  firm  sand  beneath. 

It  would  also  appear  from  this  slab,  that  after  the  deposition  of 
this  thin  coherent  bed,  which  would  not  originally  have  exceeded 
an  inch  in  thickness,  the  waters  must  have  retired  for  a  time  without 
reflux,  and  that  during  this  time  many  kinds  of  animals,  terrestrial 
as  well  as  amphibious,  walked  over  the  surface,  while  a  continued 
process  of  drying  was  contracting  the  whole  surface  and  thus  form- 
ing a  net-work  of  cracks  over  it.  After  this  process  had  gone  on 
until  the  drying  was  complete,  another  deposit  of  arenaceous  sedi- 
ment took  place,  filling  up  the  cracks  and  depressions  of  the  surface 
and  forming  one  homogeneous  mass  of  sandstone. 

On  carefully  examining  the  reversed  impressions  seen  in  relief  on 
the  slab,  we  may  recognise  at  least  four  separate  and  well-defined 
kinds,  besides  several  others  which  either  from  their  minuteness  or 
indistinctness  are  not  easily  characterized.  There  are  also  two 
sweeping  mouldings  of  slight  elevation  that  traverse  the  face  of  the 
specimens  in  oblique  directions.  Owing  to  the  cracks  that  have 
taken  place,  the  marks  arc  often  divided  and  sometimes  are  shifted 
laterally.     This  is  also  the  case  with  the  lateral  moulding. 

Of  the  larger  footprints,  there  are  about  twenty  running  princi- 
pally in  one  direction.  They  are  disposed  in  parallel  rows,  with  a 
distance  of  nine  inches  from  the  tip  of  one  toe  to  that  of  the  other 
in  each  row,  while  each  print  in  the  one  row  is  placed  opposite  the 
middle  point  between  the  two  others  in  the  corresponding  row.  The 
impressions,  or  rather  the  moulds,  rise  above  tiie  plane  of  the  slab  for 
about  three-eighths  of  an  inch.  The  length  of  each  footmark  is  two 
inches,  and  the  breadth  an  inch  and  a  half.  The  highest  point  in 
the  mould  (the  deepest  impression  therefore)  seems  to  correspond 
with  the  heel,  which  in  several  cases  appears  to  have  penetrated 
through  the  soft  clayey  mass  to  the  hard  sand.  On  each  side  of  se- 
veral of  the  footprints  there  are  impressions  of  short  toes  or  claws, 
while  round  the  front  of  each  there  is  a  semicircular  and  shallow 
groove  or  waved  hollow,  such  as  might  be  occasioned  by  the  soft 
mud  being  pressed  forwards  and  raised  by  the  weight  of  the  foot. 

The  larger  impressions  (PI.  V.  fig.  A.)  seem  to  be  intimately  con- 
nected with  the  two  moulded  tracks  that  sweep  over  the  face  of  the 
slab,  for  these  tracks  run  parallel  and  midway  between  the  two  rows 
of  footmarks,  and  were  evidently  formed  before  the  clay  had  dried. 

^  The  slab  from  Hessberg,  figured  in  Dr.  Buckland's  Bridgewater  Treatise, 
offers  the  nearest  resemblance  in  this  respect,  but  is  not  so  completely  covered 
with  the  reticulations. 
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Of  the  two  tracks  also,  one  was  formed  before  the  other,  since  one 
of  the  footmarks  in  the  longer  track  has  obliterated  part  of  the  track 
of  the  other,  while  the  longer  track  is  seen  to  have  intersected  and 
to  be  deeper  than  the  other. 

Similar  tracks  seen  in  relief  have  been  attributed  to  the  tails  of 
animals  dragging  over  the  surface  of  soft  silt  or  clay,  and  in  the 
present  case  this  explanation  seems  satisfactory. 

As  to  the  nature  and  form  of  the  animals  which  have  left  these 
footprints,  we  can  perceive  that  they  had  a  strong  resemblance  to 
recent  Emydians  in  their  mode  of  progression  and  in  the  form  of 
the  foot;  and  from  tlie  fulness  of  the  relief  observed,  the  animal  must 
have  been  of  considerable  weight  in  comparison  with  the  length  of 
the  foot.  From  the  perfect  definition  of  the  tracks  which  appear  to 
have  been  caused  by  the  tail,  this  organ  would  seem  to  have  been 
rather  firm  and  short,  and  not  long  and  pliant. 

The  second  class  of  well-defined  impressions  are  marked  (B)  in  the 
accompanying  plate.  They  consist  of  eight  pairs  running  across  the 
breadth  of  the  slab  without  interruption ;  and  there  are  also  some 
others  whose  connection  cannot  so  easily  be  traced.  The  pairs  of 
these  impressions,  seemingly  those  of  the  fore  and  hind  feet,  run  in 
an  alternate  and  oblique  direction  with  respect  to  each  of  the  other 
pairs:  only  three  toes  can  be  readily  made  out  in  them,  and  they 
belong  to  the  larger  and  most  probably  the  hinder  feet  In  some 
places  it  appears  that  these  hinder  feet  were  not  raised  freely  from 
the  ground  at  every  step,  for  there  are  slight  mouldings  runnine 
from  the  extremities  of  the  longest  toe  as  if  it  had  been  dragged 
over  the  soft  surface.  These  footsteps  seem  to  have  belonged  to 
some  small  species  of  land  tortoise,  and  they  exhibit  neither  the  im- 
pressions of  a  web  nor  of  claws. 

The  third  class  (C)  exhibits  six  larger  impressions,  each  accom* 
panied  by  a  smaller  and  more  obscure  one,  and  they  run  in  one  di- 
rection across  the  end  of  the  slab.  There  are  also  some  others  of 
the  same  kind  detached  on  other  parts  of  the  surface.  These  prints, 
like  the  former  set,  are  alternate  and  placed  diagonally  towards  each 
other.  On  a  first  inspection  the  larger  of  them  resemble  the  im- 
pressions of  the  fe^t  of  some  birds,  the  toes  being  free  and  each  ter- 
minated by  the  welUmarked  impression  of  a  claw ;  but  the  number 
of  toes  is  five,  placed  in  a  radiating  manner,  and  each  print  is  ac- 
companied by  a  smaller  and  fainter  impression.  The  larger  of  these 
prints  therefore  appear  to  have  belonged  to  the  hind  feet,  and  the 
smaller  to  the  fore  feet  of  an  animal,  which  probably  resembled  the 
smaller  Lacertians  or  Alligators. 

The  next  set  of  impressions  (D)  are  not  so  numerous  as  the 
others,  or  at  least  the  progressive  connection  is  less  easily  made 
oat  A  few  of  them  however  are  sufficiently  clear  to  enable  us  to 
refer  them  to  a  species  of  reptile  difierent  from  those  already  noticed. 
Each  impression  exhibits  four  toes  more  or  less  approximated  to 
each  other,  and  showing  indistinct  marks  of  claws.  Between  the 
toes  there  may  be  detected  traces  of  a  web  in  some  of  the  prints. 
This  web  reaches  neariy  to  the  tips,  and  where  the  toes  are  much 
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closed  the  web  seems  to  have  been  folded  in  between  them.  These 
prints  may  be  attributed  to  some  Batrachian  animal,  or  possibly  to 
the  Bkynckosaurus  of  Prof.  Owen,  and  they  resemble  the  set  figured 
by  Sir  R.  Murchison  and  Mr.  Strickland  in  the  Geological  Trans- 
actions*; These  latter  were  however  from  the  new  red  sandstone 
of  Shrewley  Common,  Warwickshire,  and  exhibited  a  tail  impression 
referred  to  the  animal  of  the  footprints. 


2.  On  the  circumstances  and  phenomena  presented  by  the  Granite 
of  LuNDY  Island,  and  of  Hestercombe  in  the  Quantock 
Hills,  compared  with  those  which  characterise  the  Granites  of 
Devon  and  Comttxdl.     By  the  Rev.  D.  Williams,  F.G.S. 

The  author  commenced  by  referring  to  two  former  papers  read  be- 
fore the  Society  f,  in  which  he  pointed  out  the  condition  of  moun- 
tain limestone  and  new  red  sandstone  at  their  contact  with  trap* 
rocks,  and  expressed  his  opinion  that  the  trap  was  itself  in  great 
measure  or  entirely  an  altered  condition  of  the  rock  which  it  seems 
to  penetrate.  He  now  states  that  he  has  found  very  numerous  in- 
stances of  similar  reciprocal  eflPects  or  mutual  metamorphism  in 
Devonshire  and  Cornwall,  whenever  the  sedimentary  strata  are  in- 
tersected by  dykes  of  igneous  rock,  or  contain  it  in  an  imbedded 
form,  but  that  very  different  effects  are  observable  when  these  strata 
have  been  invaded  by  so-called  granite  veins  or  vein-like  processes. 
He  proposes  therefore  to  select  two  instances  in  confirmation  of  the 
evidence  formerly  adduced,  and  he  wishes  these  two  to  be  taken 
merely  as  examples.  He  considers  the  hypothesis  of  injection  in* 
sufEcient  to  account  for  the  pheenomena  presented  by  the  amygda- 
loidal  traps  and  their  association  with  the  new  red  sandstone  in  the 
quarries  about  Exeter,  Crediton  and  Tiverton. 

The  granite  or  syenite  of  Hestercombe  in  the  Quantocks  was 
first  described,  many  years  ago,  by  Mr.  L.  Horner  j:.  It  is  a  true 
dyke  extending  at  first  for  about  a  quarter  of  a  mile  in  a  direction 
north-east  by  east  and  south-west  by  west,  cutting  the  slate-rocks 
obliquely.  It  may  then  be  traced  by  the  rubbly  tillage  land  above 
in  a  direction  due  west,  as  far  as  a  little  glen  and  rivulet  about  a 
furlong  and  a  half  distant,  where  it  occurs  at  the  northern  extremity 
of  an  old  and  extensively  worked  slate-quarry,  its  hard  refractory 
nature  having  stopped  the  excavation  in  that  direction.  It  there 
dips  S.S.W.  at  an  angle  of  about  40°.  At  the  eastward  quarry, 
where  it  is  vertical,  the  slate,  which  abuts  immediately  against  it,  is 
thickly  traversed  by  small  veins  of  quartz,  mica  and  oxide  of  iron, 
which  give  it  a  brecciated  aspect,  and  the  adjacent  slate  is  highly 
indurated,  yielding  a  stone  useful  for  making  hones.  In  this  case  the 
slate  is  altered  to  a  distance  of  about  a  foot  from  the  dyke,  and  the 
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syenijte  in  contact  with  it  is  sofler,  more  schistose  and  finer-grained, 
containing  also  more  hornblende  than  towards  the  centre.  The 
soft  and  rotten  condition  of  the  granitic  rock  has  no  doubt  obtained 
for  it  the  name  of  poUle-stone  by  which  it  is  locally  known,  since  it 
was  formerly  wrought  for  pipkins  and  other  culinary  vessels. 

As  a  granite  the  harder  stone  is  durable,  and  capable  of  being 
rendered  ornamental.  It  may  be  seen  in  the  pillars  of  the  west 
gateway  and  in  the  basement  story  of  the  mansion  at  Hestercombe. 

The  slate  is  very  variably  afTocted  by  this  dyke,  and  the  syenite 
itself  is  also  sometimes  more  and  sometimes  less  modified,  but  it  is 
rare  to  find  a  specimen  in  which  the  two  rocks  are  united  together. 

The  granite  of  Lundy  Island  abuts  directly  against  the  slate  as 
a  vertical  lofty  wall;  there  are  no  granitic  veins  penetrating  the 
slates,  and  there  is  little  alteration  produced  in  them,  except  a  slight 
induration  at  the  place  of  contact;  while  on  the  other  hand  the 
granite  is  greatly  altered  at  the  contact,  and  that  to  a  distance  of 
ten  or  twelve  feet,  gradually  changing  from  a  well-defined  gray 
syenite  through  sevend  varieties  of  hornblende  rock  to  the  condi- 
tion  of  a  black  homblendic  trap  of  a  somewhat  schistose  structure. 
It  has  not  however  been  gradually  metamorphosed,  or  at  least  there 
are  appearances  more  perfectly  syenitic  on  each  side  of  the  horn- 
blende rock. 

The  granite  of  Lundy  Island  occupies  a  dyke  or  chasm  having  a 
north-east  and  south-west  direction.  It  extends  about  three  miles 
in  length,  and  has  a  breadth  of  half  a  mile.  The  vertical  wall  which 
it  presents  ranges  from  the  Sugar-Loaf  on  the  east  to  the  Rattles  on 
the  south  of  the  island. 

The  author  mentions  another  example  of  a  true  granitic  dyke  near 
Drewsteignton,  on  the  north-east  of  Dartmoor.  This  dyke  is  about 
ten  or  twelve  feet  wide,  and  cuts  the  carbonaceous  rocks  transversely 
for  about  a  mile  in  a  north  and  south  direction. 

The  author  then  referring  to  the  domes  and  other  masses  of 
granite  in  Devonshire  and  Cornwall,  and  the  numerous  small  veins 
which  proceed  from  them,  contrasts  the  condition  both  of  the  in- 
jected and  the  bounding  rock  in  the  case  of  these  veins  with  that 
presented  by  the  dykes  just  alluded  to.  In  the  former  case,  where 
the  veins  proceed  directly  from  the  central  mass,  the  bounding 
rock  is  greatly  metamorphosed,  while  the  granite  is  little  changed ; 
in  the  latter,  on  the  contrary  (the  dykes),  it  has  been  stated  that 
the  igneous  rock  is  much  altered  and  the  slates  simply  indurated 
within  a  short  distance  of  contact.  He  considers  therefore  that  the 
circumstances  and  conditions  could  not  have  been  the  same  in  these 
two  cases. 

If  (as  appears  to  have  been  the  case)  we  imagine  that  the  granites 
of  Lundy  Island  and  of  Hestercombe  were  fluid  when  the  dykes 
were  formed,  the  author  considers  it  difficult  to  explain  why  the 
fluid  matter  did  not  penetrate  and  alter  the  adjacent  rocks  as  the 
veins  of  granite  have  done  elsewhere,  unless  the  circumstances  and 
conditions  of  the  case  were  difierent. 

It  appears  to  be  the  opinion  of  the  author,  that  the  heat  of  the 
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melted  rock  in  the  dykes  was  insufficient  to  produce  these  effects 
of  metamorphisra,  and  that  in  the  other  instances  a  great  body  of 
igneous  rock  was  close  at  hand,  affording  a  more  intense  heat  ca- 
pable of  producing  the  modifications  observed. 


3.  On  the  Geology  of  the  neighbourhood  of  Tremadoc^  Caernarvon* 
shire.    By  J.  E.  Davis,  Esq^  F.G.S. 

The  little  town  of  Tremadoc  (in  the  northern  part  of  Cardigan  Bay) 
is  beautifully  situated  on  the  north  side  of  a  valley  formerly  covered 
by  the  sea.  Mr.  Maddock  having  in  the  year  1813  made  an  em- 
bankment across  the  wider  valley  of  Traeth  Mawr,  of  which,  on  the 
western  side,  the  Tremadoc  valley  was  an  inlet,  the  sea  was  barred 
out,  the  valley  brought  under  cultivation,  and  the  town  erected. 
On  approaching  this  district  of  Caernarvonshire  from  the  east,  it 
does  not  require  the  eye  of  a  geologist  to  be  assured  that  the  sea 
once,  and  at  a  comparatively  recent  period,  extended  many  miles 
inland.  The  succession  of  cliffs  with  steep  escarpments  facing  the 
present  line  of  coast,  and  extending  inland  up  the  eastern  side  of 
Traeth  Mawr,  one  behind  the  other,  for  several  miles,  are  striking 
features  in  the  scenery  of  this  romantic  neighbourhood. 

The  stratified  rocks  of  the  district  have  a  general  strike  from 
Borth-west  to  south-east,  with  a  north-east  dip.  They  consist  of 
slates,  shales,  flags  and  sandstones,  but,  from  the  almost  total  abs- 
ence of  organic  remains,  the  determination  of  the  age  of  the  beds 
must  be  a  work  of  considerable  difficulty  and  time,  and  is  one  in 
which  great  caution  is  requisite,  for  all  these  rocks  have  apparently 
undergone  great  change  of  structui*e  in  many  places,  and  that  which 
is  the  same  formation  or  bed,  presented  under  a  new  aspect,  may  be 
easily  mistaken  for  a  totally  distinct  deposit. 

Although  some  of  the  rocks  are  described  as  slates,  the  slaty 
cleavage  is  too  imperfect  to  admit  of  the  rock  being  quarried  for 
economic  purposes,  and  true  slates  are  not  obtained  nearer  than  Fes** 
tiniog,  several  miles  east  of  Tremadoc,  a  district  to  which  these  ob- 
servations do  not  extend.  The  strata  however,  whether  flagstone, 
sandstone  or  shale,  possess  in  many  places  a  distinct  structure,  con- 
sisting of  an  irregular  prismatic  cleavage  observable  in  many  places, 
the  rock  shivering  into  splinters  of  a  foot  or  more  in  length,  and  from 
one  to  three  inches  in  width.  These  splinters  conform  to  the  direction 
of  the  dip,  and  their  points,  as  far  as  they  have  been  observed,  dip 
at  the  same  angle.  A  good  example  of  this  structure  is  exposed  by 
a  cutting  on  the  left  side  of  the  road  leading  from  Portmadoo  to 
Tremadoc,  and  within  a  few  yards  of  the  last  house  in  the  former 
place. 

The  only  fossib  I  met  with  were  a  Lingula  and  traces  of  Fucoids, 
occurring  in  great  abundance  in  flagstones  near  Penmorfa  church, 
about  two  miles  west  from  Tremadoc,  and  also  on  the  south  side  of 
Moel-y-Gest.  The  Fucoids  resemble  the  remains  found  in  the 
Upper  Ludlow  rock  of  the  Silurian  systom  but  similar  species  have 
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been  obsenred  near  Middleton  chapel  on  the  Comden  mountain  in 
Shropshire,  occurring  with  Asaphus  Canulensis,  which  is  believed 
to  be  referable  to  the  Llandeilo  flags.  These  fossiliferous  beds  lie 
below  the  other  stratified  deposits  of  the  neighbourhood. 

The  igneous  rocks  of  this  district  majr  be  divided  into  two  classes. 
The  first,  consisting  of  a  porphyritic  rock,  is  the  most  extensively 
developed,  and  is  intimately  connected  with  the  physical  aspect  of 
the  country.  This  porphyritic  rock  occurs  in  large  masses,  forming 
elevated  and  parallel  ridges  extending  from  north-west  to  south-east* 
The  most  southern  of  these  ridges  in  this  neighbourhood  forms 
the  mountain  called  Moel-y-Gest,  the  southern  boundary  of  the 
Tremadoc  valley,  which  it  separates  from  the  sea.  A  second  more 
prolonged  ridge  extends  from  near  Penmorfa,  and,  forming  the  north 
side  of  the  valley  and  the  ridge  called  Yr  Alt  Wen,  terminates 
abruptly  at  Tremadoc.  A  third  ridge  runs  north  of  the  last,  and 
extending  still  further  east,  terminates  in  the  valley  of  Traeth  Mawr. 
Other  ridges  occur  to  the  north,  and  their  eastern  extremities  over* 
hang  the  road  leading  from  Tremadoc  to  Beddgelert. 

A  columnar  structure  is  discernible  in  many  places,  varying  in 
form  and  number  of  angles,  but  always  on  a  large  scale.  Wedge- 
shaped  forms  may  be  observed  in  the  clifi"  behind  the  inn  at  Tre« 
madoc.  Two  of  these  wedges  form  a  cube,  and  where  a  number 
of  these  have  given  way  and  fallen  from  the  face  of  the  cliff,  a 
smooth  surface  is  presented,  having  the  appearance  of  a  plane  of  a 
highly  inclined  and  nearly  perpendicular  stratum.  Westward  of 
this  spot  the  columnar  structure  is  more  readily  traced. 

Th«  eruption  of  these  rocks  was  subsequent  to  the  consolidation 
of  the  adjacent  stratified  deposits.  This  is  clearly  proved  by  the 
effect  of  their  intrusion  upon  the  adjoining  strata,  and  by  the  po# 
sttion  of  the  beds  near  and  at  the  points  of  contact.  A  few  yards 
east  of  the  inn  at  Tremadoc,  and  some  hundred  feet  above  the  road, 
the  beds  of  coarse  slate  or  flagstone  are  nearly  vertical.  In  Moel- 
y-Gest  beds  of  slate  may  be  seen  jammed  in  between  two  masses 
of  basalt,  and  dipping  at  a  very  great  angle  to  the  east.  In  the 
ridge  of  Yr  Alt  Wen  the  intrusive  rock  appears  to  have  been  forced 
up  between  beds  of  sandstone ;  and  it  is  singular,  that  while  the 
lower  beds  do  not  appear  to  have  been  materially  affected,  the  su- 
perincumbent mass  is  much  altered,  and  assumes  the  splintery  struc* 
ture  before  noticed.  In  flagstones  also,  reposing  on  the  north  side 
of  one  of  these  ridges,  near  Port  Treuddyn,  and  adjoining  the  road 
leading  from  Tremadoc  to  Beddgelert,  about  a  mile  and  a  half  from 
the  former  place,  the  effects  of  the  intrusion  are  discernible  to  the 
distance  of  many  feet  from  the  point  of  contact  by  discoloration  and 
partial  fusion. 

It  will  be  seen  that  the  general  strike  of  the  stratified  rocks  cor- 
responds with  the  line  of  irruption,  and  it  seems  to  be  a  reasonable 
inference  that  the  latter  was  the  cause  of  the  former.  At  the  same 
time  it  is  to  be  observed  that  this  strike  and  north-east  dip  prevail 
Co  the  shore  of  Cardigan  bay,  and  further  south  than  any  line  of 
igoeooa  rook  observed  by  me. 
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Besides  these  main  Ikies,  simdler  outbreaks  occur  in  the  vale  of 
Tremadoc,  and  marf  be  traced  in  some  of  the  little  hillocks  or 
mbunds  which  form  such  striking  objects  in  the  valley,  and  which, 
previously  to  the  erection  of  the  embankment,  were  islands  in  the 
bay.  Out  of  seven  of  these  islets  or  hillocks,  three  were  found  to  be 
composed  of  dykes  of  the  same  character,  and  apparently  of  the 
same  age  as  the  more  elevated  and  extended  lines  forming  the 
boundaries  of  the  valley.  In  two  of  these  three  islands,  Yns  hir 
(Long  Island),  and  Yns  cerig  duon  (the  Island  of  the  black  stone), 
It  Occurs  in  dykes  crossing  the  slates.  In  the  third,  Yns  cerig  aethnen 
(Island  of  the  shaking  stone),  it  is  stratified  conformably  with  the 
overlying  and  underlying  slates,  but  has  evidently  been  forced  up 
between  the  beds  of  rock,  after  the  solidification  of  the  latter.  The 
slates  on  both  sides  are  altered  to  a  considerable  distance,  and  the 
porphyritic  rock  contains  numerous  fragments  of  that  formation. 
The  upper  beds  are  decomposing.  The  entire  thickness  of  the  in- 
trusive rock  in  this  place  is  about  twenty  feet. 

In  the  other  islands  visited  the  second  class  of  igneous  rocks, 
comprising  beds  and  dykes  of  clink-stone,  occur.  The  traces  of  the 
igneous  origin  of  these  rocks  were  so  striking,  that  it  was  with  dif- 
ficulty I  could  persuade  myself  that  I  was  not  standing  on  the  ruins 
of  an  ancient  furnace ;  and  even  when  I  ascertained  beyond  a  doubt 
the  volcanic  origin  of  the  igneous  matter  around  me,  it  was  a  con- 
uderable  time  before  I  could  bring  myself  to  assign  to  these  rocks 
the  very  remote  origin  which  repeated  observations  at  last  compelled 
me  to  do.  Like  the  porphyritic  islands,  the  clink-stone  occurs  in 
dykes  and  also  in  conformable  beds,  but  the  analogy  between  the 
two  descriptions  of  igneous  rock  ceases  here.  While  the  effects  of 
the  porphyry  upon  the  adjacent  beds  are  only  seen  upon  close  in- 
spection and  comparison  of  difierent  portions  of  the  latter,  the  effect 
of  the  clink-stone  is  of  the  most  marked  and  striking  character. 
Dark  blue  slates  are  turned  red  or  black,  are  vitrified  and  calcined 
for  the  distance  of  several  feet,  and  exhibit  between  their  laminae  all 
the  hues  of  the  rainbow ;  and  in  the  little  islet  near  the  farm-house 
called  Pen  sy  flog,  where  the  dink-stone  occurs  in  a  stratified  form, 
there  is  this  important  distinction,  viz.  that  while  the  slate  upon 
which  this  rock-stone  rests  is  affected,  as  in  the  instance  of  the  dykes, 
and  the  stratum  of  slate  immediately  under  and  in  contact  with  it 
is  changed  into  a  light  ashy  substance  with  white  fiakes  (resembling 
the  ash  of  inferior  kinds  of  coal),  the  superincumbent  strata  are 
scarcely,  if  at  all  affected.  No  fragments  of  slate-rock  were  observed 
in  the  volcanic  matter. 

The  igneous  rocks  of  both  descriptions,  and  in  the  mountain 
ridges  as  well  as  in  the  islands,  are  traversed  by  numerous  veins  of 
quartz  in  large  crystals.  In  a  dyke  of  the  clink-stone,  about  a  quarter 
of  a  mile  from  Tremadoc,  on  the  left  side  of  the  Old  Caernarvon 
road,  in  addition  to  these  phasnomena,  I  observed  the  edge  of  a  bed 
of  scoriae  jutting  out  on  the  escarpment  and  former  sea-cliff.  The 
volcanic  cinders,  sand,  &c  are  clearly  discernible,  as  if  the  result  of 
an  irruption  of  yesterday.    I  could  not  observe  any  important  devia- 
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fioii  from  the  usual  Dorth-eai t  dip  oC  the  slttfees,  produced  by  the  in- 
trasioft  of  the  cHtik-Btone.  A  folding  over  of  a  lew  foet  of  the  slatei^ 
ike  result  perhaps  of  lateral  pressure,  exhibited  by  the  cuttings  o£^ 
miniog  level  at  the  spot  last  mentioned,  was  the  effect)  and  the  only 
efiect  of  this  nature  which  came  under  ray  observation.  These 
irruptions  of  clink-stone  are  associated  with  only  one  and  the  sane 
sedimentary  rock,  consisting  of  imperfect  shivery  slates,  totally  devoid 
of  organic  remains. 

It  has  already  been  mentioned  that  the  lower  lands  of  the  district 
present  the  appearance  of  having  been  covered  by  the  sea  at  no 
very  remote  period ;  and  repeated  observations,  and  the  evidence  of 
the  inhabitants,  all  tend  to  the  inference  that  the  bind  has  gradually 
emerged  from  the  sea,  and  that  a  movement  of  this  kind  is  still  in 
operation.  The  evidence  also,  that  the  higher  ridges  derive  their 
present  configuration  from  the  action  of  water,  is  very  striking. 
The  curved  line  between  one  ridge  and  another  (as  seeu  in  the 
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section)  is  evidently  owing  to  the  denudation  of  the  stratified,  and 
therefore  softer  rocks,  which  have  escaped  denudation  only  in  those 
parts  where  they  have  been  protected  by  the  superincumbent  por^ 
phyry  (1 ),  or  where  they  have  been  hardened  by  immediate  contact 
with  it,  and  have  thus  resisted  the  action  of  the  waves. 

Along  the  sides  of  the  porphyritic  ridges,  a  vast  talus  has  accu- 
mulated, the  effect  of  the  long-continued  dbintegrating  action  of 
rain  and  frost.  A  striking  example  of  this  talus  occurs  on  the  left 
of  the  road  leading  from  Tremadoc  to  Beddgelert,  columns  of  the 
porphyry  of  immense  size  being  there  piled  one  above  another  from 
a  great  depth,  reaching  two-thirds  of  the  height  of  the  perpendicular 
cliff.  Large  masses  are  falling  every  year,  and  will  inevitably  con- 
tinue to  do  so  until  the  process  of  destruction  is  put  an  end  to  by 
the  talus  attaining  the  level  of  the  cliff.  This  is  already  the  case  in 
the  ridges  furthest  removed  from  the  present  sea-level. 

In  witnessing  the  slow  but  certain  destruction  of  the  porphyritic 
ridges  by  atmospheric  action,  it  is  impossible  not  to  be  struck  with 
the  change  which  has  taken  place  in  this  respect  between  the  por- 
phyry and  the  accompanying  slates.  When  both  were  exposed  to 
the  action  of  the  superincum1b«nt  waters,  the  denudation  of  the  slates 
and  sajadgtonen  proceeded  rapidlyi  and  was  only  ivipedad  by  the 
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protectiog  power  of  the  harder  igneous  rock.  In  the  elevated 
ridges  of  porphyry,  the  process  of  destruction  and  the  consequent 
accumulation  of  the  talus  is  now  occasionally  prevented  by  masses 
of  slate  in  front  of  the  cliff,  the  remaining  evidence  of  their  former 
denudation. 

If  it  be  assumed,  as  may  fairly  be  done,  that  this  talus  dates  its 
origin  or  commencement  of  accumulation  from  the  period  when  the 
sea  ceased  to  flow  at  its  base,  we  are  furnished  not  only  with  data 
on  which  to  found  an  approximation  with  regard  to  the  time  which 
has  elapsed  since,  but  edso  with  a  proof  of  the  gradual  nature  of 
this  change ;  for  if  the  sea  were  removed  at  one  and  the  same  time, 
from  the  lowest  as  well  as  the  highest  ridges,  the  talus  would  be 
equal,  or  at  least  in  proportion  to  the  respective  heights  of  the  cliffs ; 
whereas  the  fact  that  the  talus  is  greatest  and  has  generally  reached 
its  ultimate  limit  in  the  cliffs  situated  at  a  greater  distance  from  the 
sea,  is  evidence  that  the  process  of  accumulation  has  been  going  on 
for  a  longer  period,  and  is  consistent  with  the  theory  of  a  gradual 
elevation. 

The  evidence  of  the  still  more  recent  and  continued  elevation  of 
the  coast  is  derived  from  the  embankments  which  have  from  time  to 
time  been  made  since  the  sixteenth  centurv.  These  embankments, 
commencing  high  up  the  Traeth  Mawr,  have  been  succeeded  by 
others  lower  down,  and  as  the  new  were  secured  the  older  became 
useless.  It  is  evident  that  these  embankments  are  not  the  sole  or 
principal  cause  of  the  sea  no  longer  flowing  within  them,  but  that 
the  natural  recession  of  the  sea  (or  elevation  of  the  land)  induced 
the  inhabitants  to  anticipate,  by  the  erection  of  earthen  mounds,  that 
which  would  have  been  produced  in  a  few  years  by  other  causes. 
The  sea-mark  may  be  traced  on  the  surface  of  the  escarpments  in 
several  of  the  islands  in  the  Tremadoc  valley,  many  feet  above  the 
present  level  of  high  water. 

Tradition  also  lends  its  aid.  From  the  rocky  ground  of  Yns  hir, 
Madoo,  one  of  the  princes  of  North  Wales,  leaving  his  native  coun- 
try, sailed  to  unknown  lands*.  And  to  descend  to  more  recent 
times :  I  was  informed  that  the  parish  register  of  Penmorfa  contains 
entries  showing  that  a  place  in  the  parish  called  Y  wern  was  once 
a  seaport,  which  immediately  before  the  erection  of  the  great  em- 
bankment was  several  feet  above  high  water. 

The  river,  generally  known  to  Webh  tourists  as  the  Pont  Aber- 
glasUyn  river,  instead  of  taking  its  present  direct  course,  flowed 
round  the  Tremadoc  valley,  and  the  soil  of  the  upper  part  of  the 
valley  is  composed  of  peat  and  decayed  vegetable  matter,  probably 
deposited  from  the  fresh  water,  the  spot  being  protected  from  any 
strong  tidal  action.  The  river  appears  to  have  assumed  its  present 
course  before  the  erection  of  any  embankment 

The  successive  geological  changes  which  these  observations  sug- 
geet  as  having  taken  place  in  this  district  appear  to  be— ^ 

First,  The  accumulation  under  water  of  sedimentary  deposits, 
containing  a  few  organic  remains  referable  to  the  Silurian  period, 
*  II  is  on  «his  trMlttloB  that  Soathey  Amnded  Ms  poem  of  *  Madoe.' 
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and  this  accumulation  accompanied  by  ocoaiionai  yoloanio  out« 
bffeaki  near  the  surfacet  producing  merely  local  dislocation,  probably 
foilowad  by  a  general  depression. 

Seoondlyt  The  contemporaneous  disturbance  and  upheaval  of  the 
whole  district  by  the  intrusion  of  a  volcanic  rock  in  nearly  parallel 
lines  from  south-east  to  north-west,  causing  an  inclination  in  the 
stratifled  rocks  to  the  north  and  north-west,  and  followed  by  greal 
denudalion. 

And  thirdly,  The  gradual  elevation  of  the  whole  country,  wmn 
tinned  to  the  present  time,  by  which  the  present  physical  appear* 
ances  were  produced  by  the  denudation  of  the  softisr  rocks,  leaving 
the  porphyry  in  elevated  mountain  ridges  (which  have  been  sinoe 
materially  acted  upon  by  the  atmosphere),  and  leaving  insulated 
\  of  the  volcanic  rook  of  the  earliest  period. 


N0VEMB£R  19,  1845. 

The  following  communications  were  read : — 

I.  On  the  Age  of  the  newest  Lava  Current  q/*  Auverons,  with  remarhi 
on  some  Tertiary  Fomle  of  that  Country.  By  Charles  Lybll, 
Esq.,  M.A.,  F.R.8.,  F.G.8.  &c. 

UvTiL  ray  recent  visit  to  Auvergne  in  184S,  I  was  never  able  to 
hear  of  the  disooverv  of  any  fossils  so  connected  with  the  most  mo* 
dem  class  of  volcanic  cones  and  currents  of  lava,  as  to  enable  us  to 
assign  to  them  any  other  than  a  very  indefinite  geological  date. 
But  when  in  the  course  of  my  last  tour  I  inquired  of  the  Abb^ 
Croixet,  well  known  as  an  eminent  comparative  osteologist,  if  he 
had  yet  found  any  fossil  bones  or  shells  in  gravel  lying  immediately 
under  the  newest  lava^streams,  he  replied  that  he  had  recently  met 
with  a  great  number  of  mammiferous  remains  at  Nechers,  in  a  bed 
of  reddish  sandy  clay,  which  rested  against  the  side  of  the  long  and 
narrow  coulee  which  has  issued  from  the  Puy  de  Tartaret  This 
hill,  as  the  readers  of  Scrope's  *  Geology  of  Auvergne '  wilt  re* 
member,  is  one  which,  by  its  position  in  the  bottom  of  a  valley  at 
the  lower  end  of  the  Lac  de  Chambon,  and  by  the  integrity  of  its 
heap  of  loose  scoHsb,  has  all  the  characters  belonging  to  the  class  of 
most  modem  cones,  those  which  have  been  least  cdtered  by  time. 
The  lava  issuing  from  it  forms  a  narrow  stripe*  occupying  for  more 
than  thirteen  miles  the  bottom  of  the  valley  in  which  the  river  Come 
de  Chambon  flows,  and  at  length  terminating  at  the  small  town  of 
Nechers,  about  six  miles  north-west  of  Issoire.  At  a  short  distance 
above  the  end  of  the  current  in  the  suburbs  of  the  town,  the  lava  at 
its  side  presents  a  steep  and  often  perpendicular  face,  twenty-five  feet 
in  height  towards  the  river,  a  meadow  only  intervening  between  it  and 
the  bulks  of  the  Couze.  Most  of  the  bones  of  fossil  quadrupeds  had 
(Men  fottBd  inasuperfieial  deposit  of  red  sandy  olay  inthia  meadow; 
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btfi.OD  dos^lsr  exaauaingtbe  spot  io  oompany  with  M.  Bravard  the 
paissontologistt  and  with  M.  Croizet,  I  became  convinced,  and  both 
those  gentlemen  are  now  of  the  same  opinion,  that  the  deposit  in 
question  passed  continuously  under  the  lava,  containing  beneath  it 
the  same  fossils  as  in  the  meadow.  This  fact  was  made  clear  by  a 
oave  serving  as  a  wine-cellar  excavated  artificially  under  the  lava ; 
and  it  has  since  been  more  completely  established  by  the  investiga- 
tions of  M.  Bravard,  who  will,  I  believe,  soon  publish  an  account  of 
several  sections  and  of  the  fossil  remains.  I  have  little  doubt  that 
the  current  of  lava  itself  once  extended  farther  northwards  towards 
the  river,  and  covered  part  of  the  bone-bed  which  is  now  exposed. 
The  only  fossils  which  I  collected  on  the  spot  consbted  of  the  jaw 
and  teeth  of  a  species  of  Artncola,  and  the  molar  of  a  horse,  which 
Mr.  Owen  has  since  examined,  and  remarks  that  it  agrees  precisely 
with  the  third  lower  molar  of  his  Equus  fossilis  from  the  caves  of 
Oreston  (see  ^  British  Fossil  Mammalia,*  p.  387,  fig.  HS);  showing 
the  same  diflPerence  from  the  corresponding  tooth  in  the  recent  horse 
in  its  narrower  transverse  diameter,  which  he  has  figured  in  his 
*  British  Fossil  Mammalia.'  The  other  species  found  in  the  same  ar- 
gillaceous sandy  bed  are  referable  to  the  genera  Sus^  Bos,  Cervus, 
FeliSf  Canisj  Martes,  TaJpa,  Sarex,  Lepus,  Sciurtts,  Mus  and  Logo- 
mys.  The  bones  also  of  a  frog,  snake  and  lizard,  and  of  several 
birds  are  associated :  in  all  no  less  than  forty-three  species  have  been 
brought  to  light,  all  closely  allied  to  recent  animals,  yet  nearly  all  of 
them,  according  to  M.  Bravard,  showing  some  points  of  difference, 
like  those  which  Mr.  Owen  discovered  in  the  case  of  the  horse  above 
alluded  to.  Several  recent  land-shells,  such  as  Cyclostoma  ehgans. 
Helix  kortensis,  H.  ttemoralis,  H.  lapicida,  Clausilia  rugosa,  and 
others,  accompanied  the  bones.  M.  Croizet  has  also  mentioned  to 
me  the  horns  of  a  rein-deer  found  in  the  meadow.  It  is  highly  pro- 
bable that  these  animals  may  have  been  drowned  by  floods  which 
accompanied  the  earthquakes  and  eruptions  by  which  the  Puy  de 
Tartaret  was  formed :  at  all  events,  we  may  afiSirm  that  they  belong 
to  the  alluvial  formations  of  the  river-bed  and  river-plain  which  ex- 
isted at  the  time  of  the  flowing  of  the  lava  of  Tartaret,  and  they 
consequently  give  an  exceedingly  modern  geological  date  to  that 
lava,  though  we  must  still  infer,  that  the  current  was  produced  at 
an  aera  when  the  mammiferous  fauna  was  very  distinct  as  a  whole 
from  that  now  inhabiting  Auvergne. 

That  the  current  which  has  issued  from  the  Puy  de  Tartaret  may 
nevertheless  be  very  ancient,  in  reference  to  the  events  of  human 
history,  we  may  conclude  from  the  fact,  that  a  Roman  bridge  of 
such  form  and  construction  as  continued  in  use  down  to  the  fifth 
century,  but  which  may  be  older,  is  now  seen  at  a  place  about  a 
mile  and  a  half  from  St.  Nectaire.  This  ancient  bridge  spans  the 
river  Couze  with  two  arches,  each  about  fourteen  feet  wide.  These 
arches  spring  from  the  lava  on  both  banks,  showing  that  a  ravine 
precisely  like  that  now  existing  had  already  been  excavated  by  the 
river  thirteen  or  fourteen  centuries  ago.  The  bridge  is  still  in  use» 
bat  the  arch  on  the  right  side  of  the  river  has  been  half  blocked  up 


1845.]  LYBLL  ON  LAVA  CCRRENTS  IN  AUVBIIGIIK.  77 

by  the  fall  of  masses  of  lava  from  the  cliff  abore.  On  the  wh6ks 
therefore,  if  we  take  the  Puy  de  Tartaret  and  its  lava  as  a  type  of  the 
products  of  the  most  modem  volcanoes  of  Auvergne,  we  may  infei*, 
from  the  facts  above  described,  that  the  latest  eruptions  occurred  Ht 
the  close  of  the  Newer  Pliocene,  if  not  in  the  Post- pliocene  period, 
or  when  the  moUusca  were  identical  with  those  now  living,  although 
a  great  many  of  the  mammalia  belonged  to  species  now  extinct. 

8«etifOn  firam  the  Valky  of  the  Come  at  Nechen,  through  Mont  Penier  and  Iwoire  to  the  Vallff 
of  the  Allier,  and  the  Tour  de  Boulade,  Aurergne. 

Couse  R.  Mont  Perrier.  Istoire.  Tour  de  Boulade. 


10.  Lava  current  of  Tartaret  near  its  termination  at  Nechen. 

9.  B<me-bed,  red  sandy  day  under  the  laya  of  Tartaret. 

8.  Booe-bed  of  the  Tour  de  Boulade. 

7.  AUurium  newer  than  No.  6. 

6,  Alluvium  with  bones  of  hippopotamus. 

6  c.  Trachjtic  breccia  resembling  5  a. 

5  b.  Upper  bone-bed  of  Perrier,  gravel,  &c. 

5  a.  Pumiceous  breccia  and  conglomerate,  angular  masses  of  trachyte,  quarts  pebbles,  8ce» 

6.  Lower  bone-bed  of  Perrier,  ochreous  sand  and  gravel. 

4  a.  Basaltic  dyke. 

4.  Basaltic  platform. 

3.  Upper  freshwater  beds,  limestone,  marl,  gypsum,  &c. 

2.  Lower  freshwater  formadon,  red  clay,  greenaand,  clay,  &e. 

1.  Granite. 

A.  At  a  point  corresponding  to  thu,  and  situated  on  the  north  side  of  the  hill  of  Oergovia,  the 
Meiania  inquinata  has  been  found  in  fireshwater  marl  under  basalt. 

In  the  accompanying  section  I  have  shown  at  the  north-west  ex- 
tremity the  position  occupied  in  the  valley  of  the  Couze  at  Nechers 
by  the  lava  of  Tartaret,  No.  10,  and  subjacent  bone-bed  No.  9.  I 
have  at  the  same  time  shown,  in  the  prolongation  of  the  same  sec- 
tion to  the  hills  on  the  right  bank  of  the  Allier,  near  Issoire,  the 
position  of  various  other  superficial  deposits  in  which  MM.  Croiscet, 
Bravard,  Pomel  and  others  have  detected  mammalian  remains  be- 
longing each  of  them  to  very  distinct  assemblages  of  species,  and 
which  have  doubtless  originated  at  successive  tertiary  epochs.  In 
the  oldest  freshwater  tertiary  beds,  Nos.  2  and  3,  the  PakBOiherium^ 
Anoplotherium,  Anthracoiherium,  Didelphisj  CrocodUe^  and  other 
genera  common  to  the  Paris  basin,  have  been  found  associated  with 
species  of  Bhinoceros,  CervuSy  and  some  other  genera,  which,  in 
Cuvier's  experience,  had  never  been  met  with  together  in  the  same 
formation.  Above  these  rests  a  sheet  of  basalt.  No.  4,  forming  the 
north-west  portion  of  the  summit  of  Mont  Perrier.  In  many  places 
similar  elevated  basaltic  platforms  rest  on  gravel-beds,  in  which 
fossil  mammalia  have  been  detected.  Next  in  age  are  the  trachytic 
and  pumiceous  breccias  and  accompanying  gravel-beds,  5^  5  €k^ 
Shy  5  Cj  which  were  described  by  Sir  R.  Murchison  and  myself  in  a 
paper  published  in  1829  in  the  Edinburgh  New  Philosophical  Jour- 
nal for  July.  In  the  alluvial  deposits  5  and  7>  bones  have  been  oIh 
tained  belonging  to  the  genera  Masiodon  (2  species),  Bhinoeeroif 
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Ttqnr,  «SW#,  Bos  (2  fpeciet),  Cervui  (about  20  species),  AnUhpe^ 
Copra  (2  species),  Pdi»  (7  species),  Hyana  (2  species),  MartUf 
Luirat  Canity  Urmu^  Erinaeeui^  Marmot^  Coitor^  Arvicola  (2  spe- 
cies), and  Lqmi,  all  referable  to  extinct  species.  Next  in  age 
come  two  other  alluvial  deposits,  Nos.  6  and  7>  in  which  fossil  mam* 
malia  of  other  species,  according  to  M.  Brevard,  occur,  the  bones 
of  Hippopotamus  in  particular  having  been  met  with  in  No.  6.  Passing 
then  to  the  south-east  of  Issoire,  and  crossing  the  Allier,  we  arrive 
at  No.  8,  the  celebrated  bone-bed  of  the  Tour  de  Boulade,  in  which 
a  great  many  other  mammalia  have  been  collected  by  the  labours  of 
MM.  Brevard  and  Pomel ;  among  others  the  Elq>hant,  Rhinoceros 

iR.tichorhintis)y  EquuSy  Bos^  Cerruf  (including  Reindeer),  Aniilope, 
^eUSf  and  Canis.  This  assemblage  differs  considerebly  iu  its  species 
from  any  other  in  the  neighbourhood,  and  may  be  considered  as  more 
ancient  in  character  than  No.  9,  alluded  to  in  the  beginning  of  this 
paper,  or  the  bed  which  underlies  the  lava  at  Nechers.  In  regard  to 
the  Tour  de  Boulade  bed,  No.  8,  its  base  is  about  sixty  feet  above  the 
level  of  the  Allier.  It  consists  in  great  measure  of  angular  pieces  of 
freshwater  limestone  and  basalt,  which  seem  to  have  Snien  from  the 
steep  slope  of  the  hill  above,  or  which  at  least  are  unrounded,  and 
have  not  been  brought  from  a  distance.  Some  of  the  angular  blocks 
are  three  feet  in  diameter.  There  is  an  intercalated  sandy  bed  with 
bones  such  as  may  have  been  deposited  in  a  river  or  sheet  of  water, 
into  which  these  fragments  of  rock,  detached  by  frost  from  the  pre- 
cipice, have  rolled  down.  In  this  sandy  stratum  two  marine  shells 
have  been  found  by  MM.  Brevard  and  Pomel,  belonging  decidedly 
to  the  genera  Nntica  and  Pleurotoma.  Although  too  imperfect  to 
allow  of  the  species  being  positively  determined,  they  both  approach 
closely  to  shells  which  I  have  from  the  fkluns  of  Touraine.  As  no 
marine  tertiary  shells  had  been  previously  observed  nearer  to  this 
part  of  Auvergne  than  the  valley  of  the  Loire,  and  as  the  deposit 
under  consideration  has  a  purely  terrestrial  or  supra-marine  aspect^ 
I  should  not  have  given  credit  to  this  discovery  if  not  attested  by 
geologists,  who  are  so  cautious,  and  who  were  so  alive  to  the  novelty 
and  importance  of  the  pheenomenon  at  the  time  when  they  found 
them,  as  were  the  naturalists  above  mentioned.  They  have  been 
as  much  perplexed  as  I  am  to  conceive  how  any  current  of  water 
could  have  brought  such  shells  from  the  north ;  and  we  can  hardly 
suppose  the  Miocene  sea  to  have  ascended  the  valley  of  the  Allier 
without  leaving  there  some  more  decided  monuments  of  its  sojourn. 
There  is  only  one  other  subject  on  which  I  shall  offer  a  few  ob- 
servations. It  has  long  been  announced,  that  in  the  celebrated 
mountain  of  Gergovia  M.  Bouillet  had  found  the  Mdania  inqmnaia 
in  some  argillaceous  marls  in  the  north  flank  of  the  hill.  I  examined 
the  spot  with  attention,  and  obtained  by  digging  many  specimc^ns  of 
the  Mdania  in  question,  and  of  a  Unio  and  Melanopsis  which  ac- 
companied it  in  abundance.  Some  doubts  had  been  raised  by  M. 
Bouillet  whether  the  strata  containing  these  shells  belonged  merely 
to  a  local  deposit,  or  really  formed  an  integral  part  of  the  great 
freshwater  foitnatioii  of  Auvergne,  of  which  the  mass  of  the  hill  of 
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Gergovia  is  oomposed*    I  consider  the  section  however  as  peN 
feotlf  clear»  and  the  Melania  and  other  fossiU  are  evidently  iin« 
bedded  in  a  stratum,  which  crops  out  from  beneath  the  capping  of 
basalt  which  constitutes  the  flat  summit  of  the  mountain.    It  will  be 
uBBecessary  to  give  a  separate  section,  because  the  position  of  the 
beds  is  fully  indicated  by  the  point  A,  which  I  have  placed  in  the 
upper  freshwater  strata  below  the  basalt  on  the  steep  north*west 
slope  of  Mont  Perrier.    Many  palaeontologists  who  had  been  in** 
dined  to  regard  the  strata  of  the  Limagne  as  considerably  newer 
than  the  tertiary  beds  of  any  part  of  the  Paris  basin,  had  been  sur- 
priscHl  that  a  fossil  eminently  characteristic  of  the  lower  part  of  that 
basin,  and  found  also  under  similar  circumstances  in  the  plastic 
clay  of  the  London  basin,  should  occur  in  the  highest  beds  at  Ger* 
govia.     I  find  however  that  all  these  Auvergne  shells  belong,  if  not 
to  a  distinct  species,  at  least  to  a  perfectly  different  variety  from 
that  found  in  the  neighbourhood  of  Paris  and  London ;  and  what 
renders  the  fact  still  more  interesting,  it  is  a  variety  which  can 
hardly  be  distinguished  from  the  recent  Melania  of  the  Philippine 
Islands,  which  M.  Deshayes  first  identified  with  the  Parisian  fossil. 
Mr.  G.  B.  Sowerby,  in  the  Malacological  Magazine,  part  1,  18S8, 
pointed  out  the  difierences  existing  between  all  the  varieties  of  the 
Eocene  Melania  inquinata  then  known,  and  the  varieties  of  the 
recent  shell,  which  he  proposed  to  name  Melania  Philippinarum ; 
but  he  now  admits  that  the  most  marked  of  these  points  of  differ* 
ence  cannot  be  detected  in  the  specimens  I  brought  from  Gergovia^ 
which,  although  they  may  not  be  perfectly  identical  with  any  one 
variety  of  the  living  species,  would  yet  be  considered  by  most  con« 
chologists  as  merely  another  variety  of  the  same.  The  most  obvious 
distinction  between  the  ordinary  Paris  or  London  basin  fossil,  from 
the  living  Melania  of  the  Philippines,  consists  in  the  absence  in  the 
former  of  those  spiral  ridges  or  raised  strioe  which  in  the  living  shell 
intervene  between  the  principal  row  of  tubercles  in  each  whorl  and 
the  suture.  In  all  the  fossil  individuals  from  England  and  the  Pariii 
basin  these  are  wanting,  although  I  possess  one  specimen  given  me  by 
M.  Graves  from  the  department  of  the  Oise  in  which  the  striae  are 
visible,  though  obsolete,  a  fact  to  which  Prof.  E.  Forbes  called  my 
attention,  and  which  may  lead  us  to  suspect  that  a  series  of  inter* 
mediate  gradations  may  one  day  be  detected  between  the  Parisian 
(Epernay),  the  Gergovian  and  the  recent  shell.     In  the  meantime, 
however,  we  may  regard  the  Auvergne  and  Philippine  Island  species, 
both  in  the  form  of  the  volutions,  the  prominent  striee  above  men- 
tioned and  other  characters,  as  belonging  to  one  type,  while  the  fos- 
sils of  the  Paris  and  London  basins  are  referable  to  another.     If  all 
could  1^  regarded  as  one  species,  its  changes  may  be  compared  to 
those  which  the  Cardium  porulosum  undergoes,  as  M.  Deshayes  has 
shown,  as  it  appears  successively  in  the  sands  of  the  Soissonois,  in 
the  caicaire  greasier,  and  in  the  upper  marine  formation  near  Paris. 
Mo  argument  can  therefore  be  founded  in  favour  of  the  identity  in 
i^e  of  the  Parisian  and  Gergovian  beds  from  the  occurrence  in  both 
of  this  Melania,  as  the  Auvei^ne  variety  is  so  distinct^    This  modi* 
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fication  in  form  would  be  quite  natural  od  the  supposition  that  the 
freshwater  beds  of  Auvergne  were  referable  to  the  Miocene  epoch. 
The  Melanopsis  associated  with  the  Melania  in  the  hill  of  Gergovia 
is  more  allied  to  the  ilf.  Dufourii  than  to  ilf.  Imccinoides ;  the  Unio 
seems  peculiar  at  present  to  the  locality.  In  regard  to  the  age  of 
the  Auvergne  beds  generally,  I  have  not  yet  seen  sufficient  reason, 
whether  from  the  nature  of  the  mammalian,  reptilian,  conchological 
or  vegetable  remains  imbedded  in  them,  to  abandon  the  idea  of  their 
being  Eocene,  although  it  is  true  that  they  exhibit  some  characters 
in  common  with  the  Miocene  period. 


2.  Geological  Position  of  the  Bitumen  uted  in  Asphalte  Pave- 
ments.    By  S.  P.  Pratt,  Esq.,  F.R.S.,  F.G.S.  &c. 

The  bitumen  which  has  been  so  extensively  used  for  pavements,  &c. 
is  found  in  considerable  abundance,  and  of  the  best  description,  at 
Bastenne,  a  small  village  in  the  south  of  France,  about  fifteen  miles 
north  of  Orthez.  The  geological  circumstances  connected  with  its 
appearance  being  somewhat  interesting,  a  short  account  of  them 
may  be  desirable. 

The  country  about  Bastenne  is  formed  of  numerous  small  conical 
hills  two  or  three  hundred  feet  high,  separated  from  each  other  by 
deep  narrow  valleys  or  ravines;  they  are  chiefly  composed  of  a 
coarse  sandy  limestone,  which  M.  de  Fresnoy  places  in  the  creta- 
ceous system ;  their  upper  part  consists  of  variously  coloured  sands 
and  clays  from  fifty  to  sixty  feet  in  thickness,  the  whole  being  co- 
vered by  gravel  and  sand,  which  extends  for  many  miles  in  every 
direction.  The  sands  and  clays  are  usually  horizontal,  but  are  oc- 
casionally much  disturbed  and  highly  inclined ;  whenever  this  oc- 
curs it  b  evidently  owing  to  the  protrusion  of  igneous  matter,  which 
is  then  found  in  connexion  with  them.  The  bitumen  is  worked  in 
three  localities  near  to  each  other,  and  the  following  section  was 
made  at  the  principal  mine : — 

Gravel. 

12  feet  of  yellow  sand,  consisting  of  numerous  thin  layers,  varying 
in  colour — r^,  yellow  and  white. 

2  feet  of  red  and  green  clay. 

24  feet  of  coloured  sands  as  before. 

1  foot  of  clay. 

6  feet  of  sands  as  before. 

4  feet  of  blackish  sand  containing  a  small  quantity  of  bitumen. 

5  to  15  feet  of  bitumen  which  varies  much  in  character,  the  upper 
part  consisting  of  looser  and  coarser  sand,  with  a  less  proportion  of 
the  bitumen,  while  the  lower  part  is  more  compact,  containing  finer 
sand,  and  being  chiefly  composed  of  bitumen. 

10  or  15  feet  of  sand  without  bitumen  occurs  in  some  places, 
although  where  the  bituminous  sand  is  found  of  the  greatest  thick- 
ness, it  then  rests  upon  the  sandy  limestone,  which  forms  the  chief 
part  of  the  surrounding  country. 
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This  8(^ion  was  taken  on  the  side  of  the  hill  Where  the  bitumen 
crops  out,  the  upper  beds  being  cut  through  to  expose  the  bed; 
its  extent  is  about  2000  feet  by  900;  it  terminates  suddenly  in  bhe 
direction,  as  the  horizontal  strata  are  cut  off  by  a  iault,  by  which 
the  beds  are  elevated  to  an  angle  of  TO*'  or  SO*'. 

In  the  sands  and  clays  no  fossil  remains  have  been  met  with  except 
occasionally  small  pieces  of  lignite,  and  the  bitumen  is  generally  free 
from  any  extraneous  matters,  except  in  two  localities,  where  numerous 
marine  shells  are  found,  which  may  be  referred  to  the  miocene  period. 
In  one  of  these,  where  the  bed  of  bitumen  is  from  ten  to  twelve  feet 
thick,  the  shells  are  disposed  in  numerous  layers  at  a  few  inches' 
distance  from  each  other, — the  shells  of  the  same  kind  generally  form- 
ing distinct  layers,  although  occasiooally,  where  the  layer  is  thicker, 
many  species  occur  together :  where  the  mass  has  been  cut  through 
vertically,  the  appearance  is  very  striking,  bright  white  lines  ap- 
pearing on  the  black  bed  of  bitumen.  The  shells  are  not  broken  or 
disturbed,  nor  are  the  valves  separated  from  each  other ;  they  are, 
on  the  contrary,  perfectly  preserved,  the  most  minute  markings  ap- 
pearing upon  them  when  freshly  dug  up,  but  (in  consequence  of 
the  loss  of  the  animal  matter)  they  fall  into  powder  upon  being 
exposed  to  the  air.  Notwithstanding  this,  perfect  casts  may  be 
readily  procured,  as  they  easily  separate  from  the  sandy  mass.  The 
bitumen  has  evidently  been  forced  into  them  in  a  sof\  or  liquid 
state,  as  the  smallest  cavities  are  filled,  and  this  must  have  taken 
place  after  their  deposition  in  the  sands  in  which  the  animals  lived. 
The  date  of  this  formation  (as  indicated  by  the  numerous  species 
which  have  been  determined)  may  be  referred  to  the  miocene  aera ; 
and  as  the  eruption  of  bitumen  is  evidently  connected  with  the 
appearance  of  the  ophite,  an  igneous  rock,  which  has  produced 
such  great  changes  in  the  Pyrenees,  a  limit  may  thus  be  obtained 
for  these  changes.  The  bitumen  worked  in  the  other  localities  ap- 
pears under  similar  circumstances,  except  that  no  shells  have  been 
found  in  it ;  the  bed  is  nearly  horizontal,  dipping  slightly  towards 
the  centre,  where  it  becomes  of  greater  thickness ;  indeed  it  is  said 
the  depth  has  not  been  reached  in  one  part  where  it  is  generally  sup- 
posed to  have  risen  from  beneath.  The  bitumen  is  easily  cut  when 
first  exposed,  but  in  a  few  days  it  hardens  so  much  as  to  become 
incapable  of  purification  ;  the  purification  is  effected  by  boiling  the 
sandy  mixture  in  a  large  quantity  of  water  two  or  three  times,  when 
by  continued  and  careful  stirring  the  sand  gradually  settles  to  the 
bottom,  while  the  pure  bitumen  rises  to  the  surface  and  is  taken  off. 


S.  On  the  Occurrence  of  Coal  in  Formoba.    By  —  Cooper,  Esq. 

Specimens  of  this  coal  were  exhibited  to  the  meeting,  but  it  did 
no^  appear  from  the  notice  under  what  geological  conditions  the 
coal  existed. 


VOL.  It.— >Part  1. 
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December  3,  1845. 
James  Ashwell,  Esq.,  B.A.,  and  A.  W.  Jackson,  Esq.,  were  elected 
Fellows  of  the  Society. 

The  following  communications  were  read : — 

1.  On  some  remarkable  Fossil  Ferns /row  Frostburo,  Mary- 
land, collected  by  Mr.  Lyell.  By  C.  J.  F.  Bunbury,  Esq., 
F.G.S. 

Plates  VI.  VII. 

The  first  of  the  fossil  Ferns  (see  Plate  VI.)  which  I  wish  to  bring 
under  the  notice  of  the  Society  has  so  great  a  resemblance  to  the 
Diplazites  emarginaius  of  Goppert*,  that  I  doubt  whether  it  can 
with  propriety  be  considered  as  a  distinct  species.  The  specimens 
are  however  much  more  complete  than  the  one  he  has  figured,  and  in 
particular  exhibit  the  fructification  in  a  far  more  distinct  and  satis- 
factory manner;  and  this  fructification  clearly  proves,  as  I  think,  that 
the  plant  has  no  close  affinity  with  the  recent  genus  Diplazium,  to 
which  Goppert  referred  it  chiefly  on  account  of  its  venation.  The 
specimen  figured  by  that  distinguished  author,  and  which  was  the 
only  one  he  had  seen,  was  procured  from  the  neighbourhood  of  11- 
menau,  and  exhibited  only  two  or  three  detached  pinnae,  without  any 
portion  of  the  rachis ;  one  of  those  pinnae  was  partly  covered  with 
granulations,  exhibiting  no  distinct  structure  or  arrangement,  which 
he  believed  to  be  the  fructification  in  an  over-ripe  state,  having  lost 
(as  often  happens  in  ferns)  all  trace  of  its  original  arrangement 

In  the  specimens  from  Frostburg,  the  rachis  or  main  stalk  is  flat, 
from  one-eighth  to  one-fifth  of  an  inch  in  breadth,  faintly  striated, 
and  marked  with  small  depressed  dots,  which  doubtless  indicate  the 
insertion  of  hairs.  The  frond  appears  to  have  been  simply  pinnated. 
The  pinnae  are  closely  set,  at  right  angles  or  very  nearly  so  to  the 
stalk,  to  which  they  are  attached  by  nearly  the  whole  breadth  of 
their  base,  not  in  the  least  dilated  or  decurrent  in  that  part,  ligulate 
in  their  general  outline,  rounded  at  the  end,  rather  convex,  about 
two  and  a  half  inches  long,  about  half  an  inch  broad,  and  of  equal 
breadth  thro\\  '  nearly  their  whole  length ;  their  margins  regularly 
and  neatly  crenated,  with  shallow  sinuses.  The  primary  veins, 
which  proceed  at  first  rather  obliquely  from  the  midrib  of  each  leaf- 
let, but  soon  take  a  direction  nearly  perpendicular  to  it,  are  pin- 
aated,  with  numerous,  alternate,  very  oblique  branches  or  veinlets, 
most  of  which  reach  the  margin  at  an  angle  not  far  from  a  right 
angle.  So  far  the  venation  agrees  with  that  of  Goppert's  Diplazites, 
and  of  Brongniart*8  Pecopteris  longifolia\  but  in  this  Frostburg 
plant,  if  I  am  not  mistaken,  the  lowermost  pair  of  veinlets  belonging 
to  each  primary  vein,  instead  of  proceeding  to  the  margin,  meet  the 
lowermost  branches  of  the  next  veins,  at  a  very  acute  angle,  as  in 
the  recent  genera  Anisogonium  and  Nephrodium  of  Presl.  Unfor- 
tunately, the  veins  are  but  faintly  and  obscurely  marked  in  the 

*  Systema  Filic.  Fossil,  p.  274.  tab.  16.  fig.  1  &  2. 
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specimens  before  me.  In  Goppert  s  figure,  indeed,  of  Diplazites 
emarffinatusy  some  of  the  veinlets  are  represented  as  meeting  each 
other  in  the  manner  I  have  described,  but  in  the  description  he 
states  that  they  all  reach  the  margin  of  the  frond. 

The  fructification,  which  is  very  conspicuous  in  some  of  our 
Frostburg  specimens,  has  the  appearance  of  small,  crowded,  roundish 
spots  {sori)y  placed  with  considerable  regularity  in  double  rows  be- 
tween the  primary  veins.  Some  of  the  pinnas  are  entirely  covered 
with  it  except  at  their  extreme  margins;  on  one  it  occupies  the 
upper  part,  from  about  the  middle  to  within  a  short  distance  of  the 
extremity. 

As  Goppert  himself  ascribes  the  confused  manner  in  which  the 
fructification  of  his  Diplazites  emarginatus  covers  the  frond,  to  its 
advanced  stage  of  maturity,  it  is  very  possible  that,  in  an  earlier 
state,  it  might  have  been  arranged  in  the  same  manner  as  in  our 
plant  In  that  case  there  would  be  no  difference  between  them, 
except,  perhaps,  in  the  angular  confluence  of  the  lower  veinlets.  I 
say  perhaps,  because  his  own  plate  is  at  variance  with  his  descrip- 
tion in  that  particular.  The  pinnae  of  our  plant  are  not  indeed 
emarginate  at  their  extremities,  but  neither  are  they  represented  so 
in  his  figure. 

The  Pecopteris  hngifolia  of  Brongniart  {Diplazites  longifolius  of 
Goppert)  differs  from  ours  in  its  much  narrower  pinnae,  as  well  as 
in  all  its  veinlets  being  free,  and  perpendicular  to  the  margin. 

If  now  we  compare  our  Frostburg  fossil  with  recent  ferns,  we  see 
that  the  round  sori  remove  it  altogether  from  the  group  to  which 
Diplazium  belongs,  and  would  lead  us  to  look  for  its  afliinities  among 
the  PoIypodt<B  or  Aspidece.  The  genera  Goniapteris  and  Nephr<h 
diam  (as  limited  by  Presl)  have  a  venation  nearly  resembling  that 
of  our  plant,  except  that  the  veinlets  are  less  oblique ;  in  the  former 
genus  there  is  a  farther  similarity  in  the  arrangement  of  the  son,  in 
double  rows  between  the  primary  veins.  I  do  not,  however,  know 
any  species  of  either  genus  that  comes  sufficiently  near,  as  a  speciety 
to  our  plant,  to  be  worth  comparing  with  it 

As  the  generic  name  Diplazites  is  thus  shown  to  be  inapplicable 
to  this  fern,  we  must  either  give  it  a  new  generic  name,  expressive 
of  its  apparent  affinity  with  Gwiiapteris,  or  place  it  in  the  large  and 
miscellaneous  genus  Pecopterisy  next  to  Brongniart*s  P,  longifolia. 
The  latter  \iill  be,  for  the  present,  the  safer  plan,  for  much  confu- 
sion and  error  may  be  produced  by  hasty  attempts  to  refer  the  fossil 
ferns  positively  to  recent  genera ;  and  Pecopteris,  though  a  hete- 
rogeneous assemblage,  at  least  possesses  definite  and  intelligible 
characters,  which  is  more  than  can  be  said  for  most  of  the  genera 
that  have  been  formed  out  of  it  As  it  appears  most  probable  that 
the  species  is  the  same  as  Goppert's  Diplazites  emarginatusy  the 
specific  name  (though  not  particularly  appropriate)  must  be  re- 
tained, at  least  provisionally  ;  and  it  may  stand  as* 

*  It  might  form  a  diatiiict  section  of  the  genus,  to  be  called  GanicpteritUtet. 

g2 
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1.  Pbcopteris  EMARGINATA. 

Plate  VI. 

P.  frondepinnat&(?):  pinnis  li^atis  obtusis  late  et  obtasissime  crenatis;  basi 
sabcontractis ;  co8t&  valida  apice  attenuata ;  venis  costs  subperpendicularibus 
pinnatis ;  yenulis  valde  obliquis,  infimis  in  angulum  acutum  confluentibus ;  sons 
rotimdis  confertis  inter  venas  biserialibus. 

2.  Pecopteris  elliptica  (q.  sp.). 

Plate  VII. 

P.  fronde  bipinnata :  pinnulis  elliptids  oblongisque  convexis  integerrimis  apice 
rotundatis  basi  contractis  discretis  remotiusculis ;  venis  obliquis  prope  basin 
furcatis ;  sons  subrotundis  confertissimis. 

This  plant,  from  the  same  locality  as  the  foregoing,  appears  to  be 
new ;  at  least  I  can  find  no  description  or  figure  well-agreeing  with 
it  in  the  works  of  Brongniart,  Lindley  and  Hutton,  or  Goppert. 
The  figure  of  Pecopteris  adiantoides  (Fossil  Flora,  vol.  i.  t.  37)  has 
most  resemblance  to  it  in  the  form  of  the  pinnules;  but  neither  the 
plate  nor  the  description  of  that  species  gives  sufficient  details  to 
enable  us  to  say  whether  it  be  the  same.  The  fructification  of 
P.  cuHantoides  appears  to  be  unknown. 

The  frond  of  our  plant  is  apparently  bipinnate.  The  insertion  of 
the  pinnae  on  the  main  stalk  is  not  very  satisfactorily  shown  in  our 
specimens,  but  there  are  no  appearances  indicating  that  they  were 
decurrent  along  it,  as  in  P.  gigantea.  The  barren  pinnules  are 
considerably  convex,  wider  apart  than  in  most  species  of  Pecopteris, 

Suite  distinct  from  one  another,  and  contracted  at  the  base,  so  that 
leir  form  is  pretty  accurately  elliptical,  though  rather  oblique. 
The  veins  are  similar  to  those  of  P.  gigantea^  except  that  the  fork- 
ing takes  place  very  near  to  the  midrib.  The  fructiferous  pinnules 
are  rather  longer  and  narrower  than  the  others,  and  of  more  equal 
breadth  throughout,  oblong  rather  than  elliptical,  and  more  sud- 
denly contracted  at  the  base.  The  fructification  covers  their  whole 
surface,  obliterating  the  side  veins,  and  almost  the  midrib ;  it  has 
the  appearance  of  roundish  spots,  so  much  crowded  that  their  ar- 
rangement is  scarcely  distinguishable ;  but  I  think  I  can  perceive 
traces  of  their  having  formed  two  rows  on  each  side  of  the  midrib. 
On  one  of  the  pinnae  in  a  specimen  in  my  possession,  part  of  the 
pinnules  are  barren  and  part  fertile,  so  that  there  can  be  no  doubt 
of  their  belonging  to  the  same  plant 

I  am  not  acquainted  with  any  recent  fern  which  closely  resembles 
this  species;  but  its  nearest  affinities  are  probably  to  be  sought 
among  the  PolypodecB,  Aspidea,  or  Ci/athea.  In  very  many  ferns 
of  these  tribes,  the  fructification  is  at  first  in  distinct  spots,  which 
become  confluent  when  they  have  attained  to  maturity,  and  cover 
the  under  side  of  the  frond  almost  entirely ;  and  such  appears  to 
have  been  the  case  in  the  plant  before  us. 

The  third  of  these  fossil  ferns  which  I  would  mention  is  not  in- 
deed in  a  very  satisfactory  condition,  but  I  have  thought  it  worth 
noticing  on  account  of  its  very  remarkable  fructification.  It  nearly 
agrees  (except  in  size)  with  the  Danaites  asplenioides  of  Goppert*; 

*  Systema  FIL  FossO.  p.  381.  tab.  19.  fig.  4, 5. 
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and  as  the  specimen  figured  and  described  by  that  author  is  still 
more  incomplete  than  Mr.  Lyells,  so  that  one  can  hardly  either 
distinguish  or  identify  them  with  certainty,  I  think  it  safer  to  con- 
sider them  provisionally  as  the  same  species.  Our  Frostburg  plant 
will  therefore  stand  as 

3.  Danjeites  asplemioides  var.  major. 

The  frond  appears  to  be  bipinnate,  and  if  a  flattened  stem  (appa- 
rently the  stipes  of  a  fern)  which  occurs  in  the  same  slab  belonged 
to  this  plant,  it  was  of  large  size,  for  the  stem  in  question,  in  its 
compressed  state,  measures  an  inch  and  a  half  across.  The  pinnules 
are  closely  set,  oblique,  rounded  at  the  end,  slightly  combined  at 
the  base,  but  neither  dilated  nor  decurrent,  of  an  oblong  or  broadly 
linear  form,  flat,  or  scarcely  convex,  about  ^ths  of  an  inch  long,  and 
about  half  as  much  in  breadth.  Veins  very  indistinctly  marked, 
but  seemingly  nearly  perpendicular  to  the  margin.  The  fructiferous 
pinnules  (which  are  on  a  separate  pinna,  but  which  I  believe  to  be- 
long to  the  same  species)  are  rather  larger  than  the  others,  but  of 
the  same  shape;  the  fructification  has  the  appearance  of  linear 
masses,  placed  parallel  and  nearly  contiguous  to  one  another,  per- 
pendicular to  the  midrib,  and  extending  from  it  quite  to  the  margin. 
Its  general  resemblance  to  the  fructification  of  the  curious  genus 
DaruBa  is  very  striking,  but  I  am  not  quite  satisfied  that  it  is  really 
of  the  same  nature;  for  on  a  close  examination  one  may  detect 
traces  of  round  spots ;  and  perhaps  the  apparently  linear  masses 
may  have  been  made  up  by  the  aggregation  of  numerous  round 
ones. 

Goppert  has  not  figured  the  barren  pinnules  of  his  Danmtes  (U* 
plenundes;  the  fertile  ones  represented  in  his  plate  differ  from  those 
of  our  plant  merely  in  being  considerably  smaller,  and  perhaps  ra- 
ther narrower  in  proportion. 

It  is  to  be  observed,  that  although  the  appearances  of  fructifica- 
tion in  all  these  three  plants  are  clear  and  unequivocal,  yet  in  the 
first  two  species  at  least,  it  is  invariably  the  upper  surface  of  the 
frond  that  is  exhibited  to  our  view ;  now,  in  all  recent  ferns,  the 
fructification  is  situated  on  the  under  surface ;  we  must  therefore 
suppose  that  what  we  see  in  these  specimens  are  not  the  masses  of 
capsules  themselves,  but  the  impressions  of  them,  as  it  were,  stamped 
through  the  substance  of  the  leaves  by  the  pressure  to  which  they 
were  subjected  in  the  process  of  fossilization.  This  appears  to  be 
most  usually  the  case  with  those  fossil  ferns  which  occur  in  a  fertile 
state,  and  may  be  one  reason  why  it  is  more  difi&cult  to  determine 
with  precision  the  characters  of  the  fructification  in  these  than  in 
the  recent  plants.  Dr.  Lindley  long  ago  observed*,  that  fossil  ferns 
are  much  more  often  found  with  their  upper  than  with  their  lower 
surface  exposed  to  view,  the  lower  seeming  to  adhere  more  closely 
to  the  matrix;  and  Professor  Goppert f,  in  hb  curious  experiments 

*  FoMilFlora,  text  to  t.  83.  f  Syst.  Filicum  FoMiliam,  p. 293. 
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on  the  artificial  production  of  vegetable  impresBions,  found  that 
plants  of  this  tribe  did,  in  fact,  constantly  remain  attached  to  the 
substance  in  which  they  were  imbedded,  by  their  lower  and  not  by 
their  upper  surface,  especially  if  they  were  in  fructification. 

The  carboniferous  strata  at  Frostburg  in  Maryland,  from  which 
these  fossils  were  procured,  are  described  by  Mr.  Lyell'*'  as  being 
arranged  geologically  in  a  trough,  and  the  shape  of  the  successive 
beds  has,  he  observes,  been  aptly  compared  to  a  great  number  of 
oauoes  placed  one  within  another.  The  principal  coal-seam  is  ten 
feet  thick ;  the  coal  bituminous,  though  containing  less  of  volatile 
matter  than  what  is  found  farther  west  on  the  Ohio.  There  are 
numerous  smaller  seams  of  coal,  under  several  of  which  Mr.  Lyell 
found  clays  containing  S^gmarioj  <<  usually,  as  elsewhere,  unaccom- 
panied by  other  fossil  plants;"  but  in  one  bed  of  clay,  underlying  a 
coal-seam,  about  fifty  feet  above  the  millstone  grit  on  which  the 
whde  rests,  he  found  leaves  of  two  species  of  Pecopterb  and  an 
Aiterophyllite,  intermixed  with  abundance  of  Stigmariae.  Higher 
in  the  series,  but  still  SOO  feet  below  the  principal  coal-seam,  oc- 
oonred  a  bed  of  shale  fuU  of  marine  shells,  some  of  which  were 
identical  with,  and  others  had  a  near  affinity  to,  species  found  in 
the  British  coal-measures  f. 

The  fossil  plants  procured  by  Mr.  Lyell  at  Frostburg,  in  addition 
to  the  three  ferns  already  described,  were  the  following : — 

4.  NeuropierU  cordaiUu 

(Veiy  sboiidant,  and  oertainlT  identictl  with  the  BnffUih  plsnt.  Very  variable 
in  size  and  in  the  proportional  breadth  of  its  pinnae.  These  are^sometimes  oblique 
aft  the  base,  nearly  as  much  so  as  in  iNT.  aeuiifoUa  of  Brongniart,  which  is  proba- 
bly a  variety  of  this  spedea.) 

5*  N. giganJteai 

(Doubtful ;  pinnules  as  closely  placed  as  in  N.fittmom.  It  is  intermediate  in 
character  between  N^flexuota  and  N,  gigtmtea,) 

6.  Cydopieris? 

7*  Pecapieris  arbarucem* 

a  P.  oMrvrtoto? 

9.  P. (?). 

(Pnhapa  a  fragment  of  P.  figmUm  or  P.  jnpicfirfs/a,  but  too  imperfect  to  be 
foailiTely  determined.) 

la  Lqndodmdnm  Itiragonum^ 
11.  L^acukatum. 
It.  Ltpidodendron  ?  ? 

(Resembling  in  its  markings  the  SiffiOoHa  Menardi  of  Brongnlart,  andalso  the 
mttidnm  mimt  of  Lindley  and  Hutton.) 

IS.  SigiUaria  renifarmii? 

14.  Stigmariaficoides. 

15.  AsterophyUitesfoliosa. 

16.  A.  tuberculaia  ? 

17.  A.€quisetifarmis? 

*  Tnnrela  in  North  America,  voL  IL  p.  1&-19.  t  LyeU,  ibid. 
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18.  Asterophyllites* 

(Undescribed,  but  uud  to  be  found  in  the  *^  middle  coal "  near  Manchester.) 

19.  Affisia ? 

20.  Calamites  nodosus, 

21.  C.dubius? 

I  am  not  aware  that  any  of  the  three  ferns  which  I  have  here 
particularly  described,  are  marked  by  peculiarities  calculated  to  throw 
any  new  light  on  the  questions  relating  to  the  climate  of  the  coal 
period.  But  the  very  striking  similarity  between  the  coal-plants  of 
North  America  and  those  of  Europe  makes  it  probable  that  a  simi- 
lar kind  of  climate  also  existed  in  both  countries  at  that  aera;  and 
whatever  conclusions  we  may  arrive  at  in  relation  to  the  carboni- 
ferous period  in  the  one  continent  seem  equally  applicable  to  the 
other.  Nothing  that  has  yet  been  ascertained  relative  to  the  coal 
formations  of  either  continent  seems  at  all  inconsistent  with  the  8ug« 
gestion  of  Mr.Lyell*  touching  the  climate  of  the  period  in  question. 
This  view,  which  seems  to  me  by  far  the  most  probable,  is,  that  the 
climate  was  then  characterized  by  excessive  moisture,  by  a  mild  and 
steady  temperature,  and  the  entire  absence  of  frost,  but  perhaps  not 
by  intense  heat  I  must  admit,  indeed,  that  our  materials  for  the 
foundation  of  this  theoiy  are  perhaps  somewhat  scanty,  being  chiefly 
the  general  character  of  luxuriance  of  the  carboniferous  vegetatioui 
the  great  abundance  of  ferns,  and  the  presence  of  large-leaved  mo* 
nocotyledonous  plants  of  a  tropical  or  subtropical  aspect ;  for  with 
regard  to  the  Sigillariae,  Stigmarise,  Asterophyllites,  Calamites,  Sec^ 
their  real  affinities  are,  I  think,  too  doubtful  to  allow  us  to  found 
any  arguments  on  them. 

That  extreme  heat  is  not  necessary  to  the  existence  of  a  very 
luxuriant  and  quasi-tropical  vegetation,  is  sufficiently  clear  from 
Mr.  Darwin's  interesting  observations  on  Chiloe  and  other  islands  of 
the  southern  temperate  zonef.  Chiloe,  situated  in  the  forty-second 
degree  of  south  latitude,  enjoying  little  summer  heat,  and  subject  to 
perpetual  rains  and  mists,  is  covered,  as  he  states,  with  forests  of 
extraordinary  density,  and  the  luxuriance  of  the  vegetation  is  such, 
that  it  reminded  him  of  Brazil ;  large  and  elegant  ferns,  parasitical 
monocotyledonous  plants,  and  arborescent  grasses  reaching  to  the 
height  of  thirty  or  forty  feet,  are  abundant.  Indeed,  in  the  south- 
ern hemisphere  generally,  owing  to  the  equable  climate  produced 
by  the  great  proportional  extent  of  sea,  tropical  forms  both  of  ve- 
getable and  animal  life  range  much  farther  from  the  equator  than 
in  our  hemisphere.  It  appears  very  probable  that  the  climate  of  the 
northern  temperate  zone,  during  the  epoch  in  which  the  coal-mea- 
sures were  formed,  may  have  been  similar  to  that  now  existing  in 
Chiloe  and  the  adjacent  parts  of  South  America. 

Still,  considering  that  the  principal  coal-fields  of  England  are 
situated  from  13°  to  15""  farther  north  than  that  of  Frostburg,  of 
which  I  have  here  spoken,  the  close  resemblance  of  their  vegetation 

*  Travels  in  North  America,  vol.  i.  p.  148-9. 
t  Darwin's  Journal,  2nd  edit.  p.  242,  et  teg. 
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is  very  striking.  The  absolute  identity  of  some  species  is  not  per- 
haps so  remarkable  as  the  very  great  general  similarity  of  the  whole ; 
for  those  among  the  Frostburg  plants,  which  cannot  be  satisfactorily 
identified  with  British  species,  are  in  every  instance  very  closely 
allied  to  them.  We  should  not  find  so  great  a  degree  of  resemblance 
on  comparing  the  recent  floras  of  two  regions  separated  by  so  many 
degrees  of  latitude,  whether  in  Europe  or  North  America.  If  we 
may  reason  at  all  as  to  climate  from  the  fossil  vegetation  of  a 
country,  we  must  suppose  that  the  climate  varied  less  rapidly  with 
the  latitude  than  it  does  at  present. 

I  must  not  omit  to  take  notice  of  the  opinion  maintained  by  Pro- 
fessor Lindley*,  *'  That  the  numerical  proportion  of  different  fami- 
lies of  plants  found  in  a  fossil  state  throws  no  light  whatever  upon 
the  ancient  climate  of  the  earth,  but  depends  entirely  on  the  power 
which  particular  families  may  possess,  by  virtue  of  the  organization 
of  their  cuticle,  of  resisting  the  action  of  the  water  wherein  they 
floated  previously  to  their  being  finally  fixed  in  the  rocks  in  which 
they  are  now  found.*'  To  this  conclusion  it  appears  to  me  that  there 
are  strong  objections.     It  seems  to  have  been  deduced  by  Professor 
Lindley  from  the  results  of  an  experiment  (recorded  in  the  third 
volume  of  the  *  Fossil  Flora')  on  the  comparative  durability  of  va- 
rious plants  when  immersed  in  water.     In  the  first  place,  as  M. 
Adolphe  Brongniart  has  already   remarked.  Dr.  Lindley*s  theory 
does  not  at  all  explain  why  the  proportional  number  of  ferns  should 
be  greater  in  the  coal  formation  than  in  any  subsequent  deposit,  nor 
why  the  leaves  of  dicotyledonous  plants,  which  are  almost,  if  not 
entirely  wanting  in  that  formation,  should  be  so  abundant  and  so 
well-preserved  in  the  freshwater  deposits  of  the  tertiary  period.     If 
maceration  in  water  destroyed  them  in  the  one  case,  it  would  surely 
have  done  so  in  the  other.     Moreover,  Dr.  Lindley 's  experiment, 
however  ingeniously  devised  and  carefully  conducted,  does  not  sup- 
ply all  the  data  necessary  for  deciding  the  question  ;  nor  are  its  re- 
sults altogether  in  accordance  with  the  phaenomena  we  observe  in 
the  carboniferous  strata.     The  species  of  ferns  submitted  to  experi- 
ment by  him  were  only  six  in  numberf, — too  few,  I  think,  to  justify 
us  in  concluding  that  the  plants  of  that  tribe  generally  possess  in  an 
eminent  degree  the  power  of  resisting  maceration  in  water.    In  this 
number  were  not  included  any  of  the  more  tender  and  delicate  kinds 
of  ferns,  such  as  those  HymenophyUece^  which  are  almost  compara- 
ble to  mosses  in  the  filmy,  delicate  and  fragile  texture  of  their  leaves, 
and  of  which  many  representatives  are  found  in  a  fossil  state.     It  is 
difficult  to  believe,  without  more  positive  proof,  that  fronds  so  thin 
and  membranous  as  those  of  several  species  of  Sphenopteris  which 
occur  in  the  coal  formation,  could  have  endured  long  maceration  in 
water,  when  we  learn  from  Dr.  Lindley *s  experiment  that  even  that 
singularly  hard  ^d  rigid  plant  the  JEgtiiseium  hyemaley  of  which  the 
stems  are  coated  with  silex,  perishes  within  two  years  under  this 
process. 

Again,  Dr.  Lindley  concluded  from  his  experiment  that  the  fruc- 
*  Fossil  Flora,  vol.  UL  p.  12.  f  Ibid.  p.  5. 
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tificaiion  of  feros  was  destroyed  by  long  immersion  in  water ;  and 
he  seems  to  consider  this  as  an  important  corroboration  of  the  just- 
ness of  his  views.  He  speaks  »  of  "  the  very  remarkable  fact,  that 
ferns  are  scarcely  ever  met  with  in  fructification  in  a  fossil  state ;" 
and  if  this  were  a  fact,  it  would  certainly  be  in  accordance  with  the 
result  of  his  experiment  But  it  is  now  known  that  the  occurrence 
of  the  fructification  of  ferns  in  a  fossil  state  is  by  no  means  so  rare 
as  that  distinguished  botanist  supposed.  It  is  shown  in  the  present 
paper,  that  out  of  nine  fossil  ferns  observed  by  Mr.  Lyell  at  Frost- 
burg,  three  were  in  a  good  state  of  fructification.  And  Goppert,  in 
his  '  Systema  Filicum  Fossilium,'  figures  and  describes  not  less  than 
twenty-five  species  in  that  condition,  mostly  from  the  coal-mines  of 
Silesia. 

Professor  Lindley  also  found  that  branches  of  dicotyledonous  trees, 
when  soaked  in  water,  lost  their  bark,  and  all  external  marks  by 
which  they  might  be  recognised.  But  it  is  well  known  that  the 
Sigiilarise  (which  Dr.  Lindley  himself  considers  as  true  Dicotyle- 
dons) are  constantly  found  in  the  carboniferous  strata  with  their 
bark  and  all  its  markings  well-preserved. 

These  considerations  seem  to  me  to  render  it  improbable,  that 
the  plants  preserved  in  the  rocks  of  the  coal  formation  should  have 
been  subjected  to  maceration  in  water  for  a  length  of  time  before 
they  became  fossilized. 

Another  point  which  deserves  some  attention,  in  reference  to  the 
present  question,  is  the  compressed  state  in  which  the  trunks  of 
SiffiUaria,  Lepidodendrony  and  CcUamites,  are  usually  found  in  the 
strata  accompanying  the  coal.  This  indicates  that  they  must  have 
undergone  a  very  considerable  degree  of  pressure  previous  to  petri- 
faction, and  while  they  were  still  in  a  comparatively  soft  and  yield- 
ing state.  The  pressure  which  flattened  these  large  stems,  and 
which  prevented  the  escape  of  the  volatile  ingredients  of  those  ac- 
cumulations of  vegetable  matter  that  formed  the  coal,  would  pro- 
bably also  prevent  the  decomposition  of  the  other  plants  that  accom- 
panied them. 

I  think,  therefore,  there  is  reason  to  believe  that  the  ferns  and 
other  plants  which  occur  in  the  shales  and  sandstones  accompanying 
the  coal,  were  not  subjected  to  the  same  conditions  as  the  plants 
upon  which  Dr.  Lindley  made  his  observations.  If  they  had,  like 
those,  been  macerated  in  water  for  a  great  length  of  time,  we  could 
readily  admit  that  a  large  proportion  of  the  species  might  have  pe- 
rished. But  if,  as  seems  more  probable,  they  were  speedily  buried 
beneath  great  accumulations  of  mud  and  detritus,  then  the  condi- 
tions were  essentially  different  from  those  of  Dr.  Lindley  s  experi* 
ment ;  and  we  have  no  right  to  infer  from  that  experiment  that 
whole  tribes  of  dicotyledonous  plants  had  perished,  while  the  ferns 
which  grew  in  company  with  them  were  preserved. 

I  have  entered  at  some  length  into  this  question,  because  of  the 
high  authority  which  Prof.  Lindley  s  name  deservedly  carries  with 
it,  and  because  I  have  observed  that  some  of  the  most  eminent  geo- 
*  FouH  Flort,  ToL  iiL  p.  3. 
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legists  are  disposed  implicitly  to  adopt  his  conclusions,  and  to  dis- 
regard altogether  the  evidence  of  fossil  plants  as  to  the  former  state 
of  the  earth  8  surface. 

At  the  same  time  I  readily  admit,  that  the  plants,  of  which  we 
now  find  the  remains  imbedded  in  the  carboniferous  strata,  may 
probably  be  but  a  very  small  proportion  of  those  which  at  that  time 
flourished  on  the  earth.  If,  as  seems  to  be  now  most  generally  be- 
lieved, the  coal-beds  are  derived  from  the  vegetation  of  ancient 
swamps  or  lakes,  existing  in  the  very  localities  now  occupied  by 
such  beds  of  coal,  we  could  not  expect  to  find  in  them  the  remains 
of  other  plants  than  such  as  grew  in  those  bogs,  or  lakes,  or  swampy 
forests,  or  immediately  around  them,  together  perhaps  with  some 
which  might  be  washed  into  them  by  occasional  inundations.  May 
there  not  have  existed  at  the  same  time,  in  other  parts  of  the  world, 
(nay,  perhaps,  at  no  very  great  distance  from  the  carboniferous  re- 
gions,) great  tracts  of  country,  indeed  whole  continents,  in  which 
the  local  circumstances  were  unfavourable  to  the  preservation  of 
vegetable  remains,  and  of  which,  consequently,  the  flora  is  totally 
lost  to  us  ?  If,  on  the  other  hand,  as  some  suppose,  (and  as  may 
probably  have  been  the  case  in  some  instances,)  the  coal  was  formed 
out  of  vegetable  matter  drifted  down  by  rivers,  and  accumulated  in 
estuaries  or  shallow  bays,  then  it  is  clear  that  such  deposits  are  not 
likely  to  include  anything  like  a  complete  series  of  the  vegetation  of 
the  then  existing  lands. 

I  think,  therefore,  that  we  ought  to  proceed  with  great  caution  in 
theorizing  with  respect  to  the  vegetation  and  climate  of  the  car- 
boniferous cera.  I  do  not  admit  that  Professor  Lindley's  observa- 
tions have  destroyed  the  value  of  the  evidence  aflbrded  by  the  great 
proportional  number  of  ferns  in  the  Flora  of  the  coal-measures ;  I 
believe  that  that  preponderance,  together  with  the  other  character- 
istics of  the  fossil  vegetation  of  that  period,  aflbrds  to  a  certain  de- 
gree good  evidence  respecting  the  climate  of  those  particular  regions 
in  which  the  coal-measures  occur ;  but  we  should  not  be  justified 
in  extending  our  inferences  farther.  Those  parts  of  Europe  and 
North  America  in  which  the  coal-fields  were  accumulated,  may 
have  existed  at  that  time  in  the  state  of  islands,  like  those  of  the 
present  Pacific  Ocean ;  but  it  would  be  rash  to  infer,  as  M.  Adolphe 
Brongniart  seems  disposed  to  do,  that  no  extensive  continents  at 
that  time  existed  in  any  part  of  the  globe.  If,  in  all  departments 
of  geology,  it  is  necessary  to  advance  with  caution,  and  to  avoid 
dogmatism  and  rash  generalizations,  it  is  more  especially  necessary 
in  the  department  of  Fossil  Botany,  where  so  much  of  the  evidence 
we  possess  is  fragmentary  and  imperfect 


Additionai  Remarks  on  Pecopteris  emarginata. 

Since  this  paper  was  written,  I  have  seen  in  the  British  Museum 
specimens  of  Diplaziies  emarginatusy  Gopp.,  from  Wettin  near 
Halle     Tliey  are  not  in  fructification,  but  exhibit  the  venation,  and 
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especially  the  anastomosing  of  the  lower  veinlets,  more  distinctly 
than  our  American  specimens.  With  these  they  agree  so  well,  that 
I  cannot  but  consider  them  as  the  same  species ;  and  therefore,  al- 
though the  specific  name  of  emarginatus  is  certainly  not  applicable, 
I  think  myself  obliged  to  retain  it,  to  avoid  the  confusion  arising 
from  a  multiplication  of  synonyms. 

The  Pecopteris  CropperH  of  Mr.  Morris,  from  the  Permian  system 
of  Russia,  comes  very  near,  in  several  respects,  to  P.  emarginata ; 
but  the  insertion  of  the  pinnae  on  the  stalk  appears  to  be  different^ 
and  the  veinlets  are  generally  forked,  whereas  in  our  plant  they 
are  always  simple. 

DESCRIPTION  OF  THE  PLATES. 

Plate  VI. 

Figs.  1,  2,  3»  Pecopterit  emarginata^  natural  size. 
4, 5y         „  „  magnified. 

Platb  VII. 

Figs.  1,  2,  3,  Pecopteris  elliptical  natural  size. 

4,  „  „        barren  pinnules  magnified. 

5,  y,  „        fertile  pinnules  magnified. 


2.  Notes  on  the  Wealden  Strata  of  the  Isle  op  Wight,  with  an 
account  of  (he  Bones  ^Iguanodons  and  other  Reptiles  discovered 
at  Brook  Point  and  Sandown  Bay.  By  G.  A.  Mantell,  Esq., 
LL.D.,  F.R.S.  &c. 

The  author  commenced  with  some  remarks  on  the  general  geolo- 
gical structure  and  picturesque  features  of  the  Isle  of  Wight,  and 
then  proceeded  to  direct  special  attention  to  some  extensive  ledges 
of  low  rocks  visible  from  a  considerable  distance,  and  occurring 
seaward  of  Brook  Point,  a  low  promontory  near  and  to  the  east  of 
Compton  Bay.  The  face  of  the  cliff  is  here  formed  by  the  bassetting 
edges  of  the  Wealden  clays  and  sands,  which  alternate  with  occa- 
sional layers  of  argillaceous  shelly  limestone,  rolled  blocks  of  which 
are  strewed  along  the  beach.  This  limestone  is  formed  of  the  shells 
of  Ptdudina,  Cyclas  and  other  Wealden  species,  and  is  in  every  re- 
spect identical  with  the  Petworth  marble  and  Ashburnham  beds  of 
Sussex. 

Th^  cliff  at  Brook  Point  is  between  thirty  and  forty  feet  high, 
and  ii  capped  by  an  alluvial  bed  of  loam,  sand  and  gravel.  It  is 
composed  of  beds  of  laminated  clay  and  shale,  with  sands  and  sand- 
stones of  a  bluish  and  reddish-gray  colour,  and  these  are  inter- 
spersed with  layers  and  isolated  masses  of  lignite  and  lumps  of  iron 
pyrites. 

East  of  the  Point  a  chine  or  chasm  occurs,  from  the  summit  of 
which  a  stream  gushes  out  and  dashes  down  the  face  of  the  cliff  to 
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the  sea-shore.    This  stream  rises  from  beneath  the  sand  beds  inland, 
and  flows  through  the  alluvial  gravel  to  the  summit  of  the  cliff. 

The  author  then  proceeded  to  quote  a  graphic  description  of  this 
spot,  written  nearly  thirty-five  years  ago  by  Mr.  Webster*,  and 
he  referred  also  to  the  account  given  twenty  years  afterwards  by 
Dr.  Fittonf ,  who  considers  the  compact  variegated  clay  and  sand 
appearing  below  the  sand-rock  of  the  Point  as  the  lowest  visible 
strata  of  the  island.  Both  Mr.  Webster  and  Dr.  Fitton  mention  the 
great  abundance  of  fossil  wood  at  this  spot,  where  there  have  been 
found  many  large  trunks  of  petrified  coniferous  trees,  of  a  dark 
brown  colour.  This  petrified  forest  occurs  in  the  variegated  sand- 
rock  above  alluded  to,  and  the  stratigraphical  features  of  the  cliff 
containing  it  have  therefore  been  long  known.  It  appears  that  the 
projecting  masses  at  the  base  of  the  cliff  are  the  protruding  edges  of 
the  sand-rock  in  which  the  fossil  trees  were  imbedded,  for  this  rock, 
from  its  greater  hardness,  resists  the  action  of  the  waves  long  after 
the  upper  and  less  coherent  strata  have  been  washed  away.  The 
reefs  seen  at  low  water  have  in  this  way  been  formed. 

Fossil  Forest, — "  The  trees  are  lying  confusedly  one  upon  another. 
I  saw  no  erect  trunks,  or  any  other  mdication  that  the  forest  had  been 
submerged  while  growing  in  its  native  soil  like  that  of  the  Isle  of 
Portland ;  but,  on  the  contrary,  the  appearance  both  of  the  trunks 
in  the  sand-rock,  and  of  those  exposed  to  view  by  the  removal  of 
the  materials  in  which  they  were  originally  imbedded,  is  that  pre- 
sented by  the  rafts  that  float  down  great  rivers,  as  for  example  the 
Ohio  and  Mississippi.  Such  rails  entangle  in  their  course  the  re- 
mains of  animals  and  plants  that  may  happen  to  lie  in  the  bed  of 
the  river,  and  at  length  subside  and  are  buried  in  silt  and  sand. 
The  fossil  trees  in  this  cliff  are  associated  with  large  river  shells 
and  with  the  bones  of  colofsal  B||}d  reptiles.  The  fossil  forest  at 
Brook  Point  we  may  therefore  consider  as  a  rafl  of  pines  which 
floated  down  the  river  of  the  country  near  which  the  Wealden  beds 
were  deposited,  and  had  become  si^bmerged  in  the  delta  or  estuary 
at  its  mouth,  burying  with  it  the  \K>nes  of  reptiles  and  the  large 
freshwater  mussels  it  had  entangled  \n  its  course. 

**  The  trees  when  lying  in  the  sandstone  are  invariably  covered 
with  their  bark,  which  is  now  in  the  s^te  of  lignite,  varying  from 
one  to  three  or  four  inches  in  thicknes%  according  to  the  magnitude 
of  the  trunk.  This  carbonized  cortic^  investment  is  quickly  re- 
moved on  exposure  to  the  action  of  t^e  waves,  but  the  ligneous 
structure,  the  woody  fibre,  remains. 

<<  The  trees  are  calcareous  and  not  siliceous  like  those  of  Portland. 
They  are  more  or  less  traversed  by  pyrites,  and  the  delicate^veins 
and  filaments  of  this  mineral  which  permeate  the  woody  fibre  im- 
part a  beautiful  appearance  to  the  polished  specimens,  particularly 
to  those  which  exhibit  a  transverse  section  of  the  stems.  The  trunks 
are  generally  of  considerable  magnitude,  being  from  one  to  three 

*  Englefield'8  Picturesqae  Beauties  of  the  Isle  of  Wight,  p.  153. 
t  GeoL  Trans.,  2nd  Ser.,  voL  iii.  p.  202. 
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feet  in  diameter.  I  traced  two  upwards  of  twenty  feet  in  length> 
and  these  were  of  such  a  size  as  to  indicate  a  height  of  forty  or  fifty 
feet  when  entire.     They  appear  to  have  attained  maturity. 

**  In  the  conversion  of  the  bark  into  lignite,  and  in  the  smooth  con- 
dition of  the  trunks,  this  fossil  forest  presents  a  remarkable  dissimi- 
larity from  that  of  the  Isle  of  Portland,  in  which,  so  far  as  I  have 
observed,  the  carbonized  bark  rarely,  if  ever,  occurs,  and  the  sur- 
face of  the  stems  is  similar  to  that  exhibited  by  the  trunks  of  old 
decorticated  trees  that  have  been  much  weathered  by  alternate  ex- 
posure to  air  and  moisture.  At  Brook  Point,  on  the  other  hand, 
the  trees  appear  to  have  been  engulfed  when  fresh  and  vigorous, 
and  when  their  bark  and  vessels  were  full  of  sap.  The  annular  lines 
of  growth  are  often  very  distinct,  and  I  have  traced  from  thirty  to 
forty  on  some  of  the  stems,  but  these  circles  are  unequal,  and  indi- 
cate therefore  a  variation  from  year  to  year  in  the  climate  of  the 
country  in  which  they  grew.  The  wood  exhibits,  under  the  micro- 
scope, coniferous  structure  of  the  type  seen  in  the  Araucaria  (Nor- 
folk Island  Pine),  the  rows  of  glands  or  ducts  being  placed  alter- 
nately, and  the  appearance  being  similar  to  that  of  the  fossil  wood 
of  Willingdon  in  Sussex*.  I  observed  no  trace  of  the  foliage  of 
these  trees,  nor  of  their  fruit,  with  the  exception  of  a  small  cone, 
scarcely  so  large  as  that  of  the  larch  f. 

<*  In  the  strata  that  overlie  the  fossil  forest,  thin  interrupted  seams 
and  irregular  masses  of  lignite  are  very  abundant,  and  their  substance 
is  more  or  less  impregnated  with  and  permeated  by  iron  pyrites. 
Fossils  similar  to  these  occur  also  in  the  clays  of  Tilgate  Forest  and 
at  Hastings. 

'*  The  various  conditions  in  which  the  remains  of  vegetables  are 
preserved  in  the  Wealden  strata  suggest  many  interesting  inquiries. 
Why,  for  instance,  is  the  bark  so  much  more  frequently  carbonized 
than  the  woody  fibre  ?  Why  do  the  trunks  of  Coniferse  occur  in 
the  state  of  coal  in  the  old  carboniferous  strata  and  not  in  the  de- 
posits before  us  ?  What  conditions  occasioned  the  difference  ob- 
servable in  the  state  of  the  fossil  trees  at  Brook  Point  and  at  Port- 
land ?  Why  has  the  Endogenites  erosa  of  the  Wealden  (a  monoco- 
tyledonous  tree)  always  a  thick  coat  of  lignite,  while  the  Clathraria 
(a  plant  allied  to  the  Yucca)  is  never  carbonized?  And  lastly,  is 
the  interpretation  of  these  phaenomena  to  be  sought  for  in  the  ori- 
ginal organization  of  the  plant,  or  in  the  state  of  the  trees  at  the 
period  of  their  submergence,  or  in  the  conditions  of  deposit,  whether 
mineral  or  with  reference  to  the  degree  by  which  they  were  affected 
by  air  and  moisture  ?  J  " 

*  Quart.  Geol.  Joum.  vol.  ii.  p.  51 ;  Medals  of  Creation,  p.l66,  pi.  5.  f.  3. 

t  Two  cones  (now  in  the  possession  of  Mr.  Dixon)  have  been  obtained  from 
the  Isle  of  Wight,  probably  from  the  Wealden  strata ;  but  their  locality  being  un- 
certain, no  satisfactory  evidence  is  afforded  of  their  relation  to  the  fossil  trees 
under  consideration. 

X  The  author  suggests  that  a  white  calcareous  incrustation  observed  on  many 
fossil  bones  obtained  from  this  spot  may  probably  be  derived  from  the  fresh-water 
iprings  that  percolate  through  the  strata  of  the  cliff,  which  are  composed  of  day, 


94r  PROCEKDIKOa  OF  TH£  GEOLOGICAL  SOCIETY.        [DeC  Si 

The  strata  at  Brook  Point  continue  for  several  hundred  yards 
along  the  clifTs,  and  it  was  in  these  beds  tliat  the  author  discovered 
the  large  mussel-shells  that  inhabited  the  river  of  the  country  already 
alluded  to.  The  Unto  valdensis  (as  this  species  has  been  named)  was 
first  observed  in  the  sandy  clay  beds  immediately  above  the  fossil  fo- 
rest, and  several  examples  have  since  been  found  in  other  places  along 
this  line  of  cliffs.  It  is  a  species  remarkable  both  for  its  large  size  and 
for  the  perfect  state  of  preservation  in  which  it  is  found.  The  homy 
ligament  generally  remains  in  a  carbonized  state,  and  the  body  of 
the  animal  occurs  as  molluskite,  but  the  substance  of  the  shell  is 
often  changed  into  compact  calcareous  spar,  and  nodules  of  crystal- 
lized sulphate  of  barytes  of  a  pink  colour  are  not  uncommon  within 
the  shells  *.  From  the  same  strata  bones  of  the  Iguanodon  and  other 
Wealden  reptiles  are  obtained,  the  specimens  usually  collected 
having  been  washed  out  of  the  cliffs  by  the  inroads  of  the  sea,  and 
being  strewn  along  the  shore.  In  this  way  they  have  commonly 
Buffered  so  much  by  attrition  that  the  processes  are  destroyed,  and 
those  parts  defaced  which  are  of  most  value  to  the  anatomist  as 
dbtinctive  characters. 

The  number  of  bones  collected  along  this  coast  during  the  last 
ten  years  amounts  to  many  hundreds,  and  although  from  their  rolled 
condition  most  of  them  are  of  no  value  as  specimens,  yet  they  serve 
at  least  to  show  the  abundance  of  these  relics.  Many  of  thorn  sur- 
pass in  magnitude  the  largest  of  the  Wealden  bones  in  the  British 
Museum. 

The  strata  at  Sandown  Bay,  shown  in  Dr.  Fitton  s  section,  emerge 
from  under  the  grcensands,  and  consist  of  clay,  clay-shale,  sand,  and 
slabs  of  bluish-gray  argillaceous  limestone  abounding  in  the  usual 
shells  of  these  freshwater  deposits ;  and  here,  as  at  Brook,  the  bones 
of  colossal  reptiles  are  continually  washed  out  of  the  cliffs.  This 
shelly  limestone,  occurring  in  layers  from  one  to  three  inches  thicky 
and  of  uniform  surface,  is  often  employed  for  paving ;  slabs  with 
the  shells  of  the  Cyclas^  Paludina  and  Unto  may  oi'ten  be  detected 
in  the  pavements  at  Ryde  and  other  places  in  the  island,  as  at  Bat- 
tle, Hurstmonceaux  and  elsewhere  in  Sussex.  The  surface  of  the 
•labs  is  often  deeply  sculptured  with  ripple-marks ;  and  very  recently 
some  markings  have  been  observed  that  are  supposed  to  be  the  im- 
prints of  the  feet  either  of  birds  or  reptiles. 

Fossil  remains  of  many  of  the  large  reptilian  animals  which  have 
conferred  so  much  celebrity  on  the  strata  of  Tilgate  Forest  have 
been  obtained  from  these  contemporaneous  deposits  in  the  Isle  of 
Wight,  and  amongst  them  the  bones  of  the  Megalosaurusy  Strepto- 

lignite,  sulphuret  of  iron,  and  shelly  limestone.  The  lignite  he  thinks  might  have 
supplied  the  carhonic  acid,  and  he  quotes  the  authority  of  Dr.  Liebig  in  ftivour  of 
thii  view. 

*  Doubt  having  ]>ecn  expressed  as  to  the  correctness  of  assigning  a  new  spe- 
cific name  to  this  shell,  the  autlior  states  that  Mr.  James  Sowerby,  who  figured 
and  described  the  l/nio  Martini  of  Dr.  Fitton  (presumed  by  some  to  be  the  same 
species),  concurs  in  his  opinion,  and  has  figured  the  shell  under  the  above  name 
for  the  '  Mineral  Conchology.' 
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tpamfyhu  and  Iguatwdan  are  the  most  numerous.  The  author  di- 
rects especial  attention  to  a  large  thigh-bone  together  with  portions 
of  ribs  and  vertebrae  (exhibited  to  the  Meeting  when  this  paper  was 
read)  which  he  obtained  lately  from  the  clay  at  the  foot  of  the  cliff 
near  Brook.  The  thigh-bone  is  three  feet  four  inches  long ;  it  well 
exhibits  the  peculiar  characters  of  the  femur  of  the  Iguanodon, 
namely,  the  head  with  its  flattened  lateral  trochanter,  the  middle  of 
the  shaft  with  the  mesial  lateral  process,  and  the  inferior  extremity 
with  its  double  condyles  separated  by  a  deep  sulcus  or  furrow  both 
anteriorly  and  posteriorly.  With  this  femur  was  found  a  tooth,  frag- 
ments of  ribs  and  other  bones,  and  several  vertebrsB,  caudal  and 
dorsal.  The  tooth  is  large  and  worn  down  to  a  stump,  and  the  fang 
has  been  absorbed  owing  to  the  pressure  of  a  successional  tooth. 
Like  the  femur  it  evidently  belonged  to  an  aged  animal,  and  very 
probably  to  the  same  individual.  The  caudal  vertebra;  may  also  be 
assigned  to  the  same  reptile  without  hesitation,  but  the  dorsal  ap- 
pears to  be  referable  to  the  Cetiosaurus. 

Another  bone  of  Iguanodon  to  which  the  author  directs  particular 
attention  is  from  Sandown  Bay,  the  locality  whence  was  obtained  a 
large  toe-bone,  figured  by  Dr.  Buckland  in  the  Geological  Trans- 
actions*. This  specimen  is  the  lower  extremity  of  a  tibia,  or  large 
bone  of  the  leg,  and  its  proportions  are  more  colossal  than  those  of 
any  bone  of  this  reptile  hitherto  described.  The  Sandown  speci- 
men exceeds  by  four  times  in  linear  dimensions  the  tibia  of  a  young 
Iguanodon  from  Tilgate  Forest  one  foot  in  length.  It  was  therefore 
probably  four  feet  long  when  entire ;  and  from  the  relative  propor- 
tion of  the  thigh-bone  and  leg-bone  of  the  Iguanodon,  as  shown  by 
specimens  of  the  same  individual  in  the  British  Museum,  the  femur 
of  the  limb  to  which  this  tibia  belonged  must  have  measured  five 
feet,  so  that  the  entire  length  of  the  leg  and  thigh  would  be  nine 
feet 

Besides  these  bones,  the  author  has  collected  a  fine  metatarsal 
from  the  Wealden  near  Atherfield,  as  well  as  several  very  large  and 
well-preserved  vertebrsB  of  the  Streptospondylus,  and  fragments  of 
the  ribs  of  a  large  Iguanodon. 

Section  of  the  Wealden  strata  exposed  by  the  cutting  in  the  Tunbridge 
Wells  Railway  near  Tunbridge* 

**  As  connected  with  the  subject  of  this  (mper,  though  situated  in  a 
district  remote  from  the  Isle  of  Wight,  I  add  a  few  remarks  on  a 
section  of  the  Wealden  beds  recently  exposed,  which  is  so  interest- 
ing and  so  easily  accessible,  and  may  possibly  be  so  soon  obliterated, 
that  a  brief  notice  of  it  will  be  useful. 

'*  This  section  has  been  formed  by  the  cutting  for  the  railway  lately 
opened  from  Tunbridge  to  Tunbridge  Wells,  the  line  traversing 
Wealden  strata  along  the  whole  distance.  Immediately  on  leaving 
the  Tunbridge  station  there  is  a  deep  cutting  which  exposes  two 
bands,  fVom  three  to  four  feet  thick,  of  fawn-coloured  sandstone  re- 
*  GeoL  Trtns.,  2iid  Ser.  vol.  liL  pL  41. 
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sembling  that  around  TuDbridge  Wells.  Between  these  bands  are 
beds  of  clay  and  laminated  clay-shale,  and  seams  of  shelly  argilla- 
ceous limestone  of  a  bluish-gray  colour.  The  usual  shells  of  the 
Wealden  and  tta  remains  of  several  species  of  Cypris  abound  in 
these  strata,  agd  the  laminated  character  and  general  appearance  of 
the  clay  beds  ^xA  their  fossils  Mill  remind  the  observer  of  the  strata 
at  Brook  and  fimdown  Bay. 

'*  These  strahtjeontinue  through  the  tunnel  which  then  succeeds  and 
for  a  considetable  distance  on  the  other  side,  and  both  in  the  sand- 
stones and  ciayti  stems  ofEquisetum  Lyelli  (a  plant  first  discovered 
by  me  at  PoiiDceford  in  Sussex)  are  abundant.  They  are  invaria- 
bly carbonioBedt  and  thin  seams  and  blocks  of  lignite,  evidently  de- 
rived from  adcumulated  masses  of  the  same  species,  are  thickly 
interspersed. 

<<  Beyond  the  tunnel  and  afler  passing  under  a  small  bridge,  blocks 
of  marly  sandstone  may  be  observed  containing  remains  of  Equise- 
tunii  of  Cffpf^  and  of  minute  bivalves  (^Cyclas parva  of  Dr.  Fit- 
ton)i  The  mHace  of  the  shales  and  clays  is  often  deeply  rippled 
and  covered  with  slight  markings  resembling  worm-tracks,  but  these 
when  freshly  exposed  have  a  carbonaceous  coating  indicative  of 
their  vegetable  origin.  The  position  of  the  strata  in  these  Tunbridge 
sections  is  interesting,  as  it  exhibits  in  a  striking  manner  the  undu- 
lated condition  of  the  beds  so  commonly  to  be  observed  throughout 
the  Wealds  of  Kent  and  Sussex, — a  result  of  those  earthquake  waves, 
if  we  may  so  say,  to  which  this  region  must  have  been  long  ago 
subjected. 

"  In  the  line  that  extends  from  Tunbridge  to  Maidstone,  good  sec- 
tions of  Wealden  strata  are  exhibited  in  several  places.  At  Water- 
ingbury,  as  Mr.  Bensted  first  pointed  out,  the  clays  and  marls 
al^und  in  PaludincB,  Cyclade$y  scales  of  fishes  {aybodus),  &c.; 
and  in  some  of  the  slabs  of  marlstoue  from  this  place,  sent  to  me  by 
Mr.  Bsnsted,  I  found  elytra  of  two  or  more  species  of  Coleoptera, 
which -arc  the  only  vestiges  of  insects  I  have  obtained  from  the 
Wealdnn  deposits  of  the  south-east  of  England." 


December  17>  1845. 

Jalin  Morris,  Esq.,  and  Dr.  Edward  Kellaart  were  elected  Fellows 
of  tUs  Society. 

The  following  communications  were  read  :^ 

1.  OnlJteitgmMM^i^o^/^onefqf  Birds /romM^  Wealden. 
By  Prof.  Owen,  F.R.S.,  F.G.S.  &c 

Having  lately,  in  a  re-examination  of  the  Wealden  fossil  described 
in  the  Transactions  of  this  Society*,  chiefly  on  my  authority,  as  the 
tarso-metatarsal  bone  of  a  Bird,  exposed  by  the  detachment  of  the 

*  2nd  Series,  voL  ▼•  p«  175.  pi  13. figs,  la,  \b. 
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Fig.  1. 


Fig.  2. 


matrix  that  adhered  to  its  extremity 
some  characters  not  visible  wheu  the 
fossil  was  first  submitted  to  me,  and 
having  been  led  by  those  new  charac- 
ters to  institute  a  more  extended  and  ri- 
gorous comparbon  of  the  fossil  than  it 
was  in  my  power  to  do  ten  years  ago,  I 
believe  myself  in  a  condition  to  demon- 
strate my  former  error  in  ascribing  it  to 
the  class  of  Birds,  and  I  therefore  lose 
no  tiiue  in  rectifying  it.  The  character 
mainly  relied  on  as  proving  the  fossil 
in  question  to  be  the  lower  end  of  a  tar- 
so- metatarsal  bone  of  a  wading  bird,  was 
the  rough  oval  spot  marked  o  in  fig.  1  6, 
pi.  13,  of  the  above-cited  volume, 
and  this,  if  interpreted  as  the  articular 
surface  for  the  hind-toe,  would  indi- 
cate a  form  of  metatarsal  bone  like 
that  of  the  restored  figure  given  by  Dr. 
Mantell,   by  the  dotted  outline  in  the 

above-cited   plate.      But  the  characters  Anterior  or  palmar  aspect  of  the  distal 
•  laaI'Li.  al       I  end  of  the  humerus  or  a  Pterodactvle. 

Since  brought  to  light   prove  the    bone  Wealden.  (Natural  sixe.) 

(fig.  1)  to  have  terminated  much  nearer 
the  oval  spot  (o),  since  they  consist 
of  two  portions  of  the  distal  smooth  ar- 
ticular  surface,  one  (a,  fig.  1  &  3)  situ- 
ated near  the  margin  of  one  side  of  the 
joint,  at  right  angles  to  the  axis  of  the 
bone;  the  other  surface  (b)  being  a 
smooth  protuberance  near  the  middle 
of  the  concave  side,  but  at  the  end 
where  the  small  mass  of  light-coloured 
matrix  appears  in  Dr.  Manteirs  figure 
1  b.  Now,  as  these  surfaces  have 
formed  part  of  the  articular  extremity 
of  the  fragment,  and  establish  its  true 
position,  traces  of  the  vertical  or  lon- 
gitudinal fissures  separating  the  con- 
dyles ought  to  be  present,  if  the  fossil 
were  actually  part  of  a  tarso-mctatarsal 
bone,  and  more  especially  on  the  con- 
vex side,  fig.  2;  for  in  none  of  the 
tarso-metatarsal  bones  of  the  numerous 
birds  which  have  been  compared  with 
the  fossil,  are  the  grooves  or  foramina, 
indicative  of  the  divisions  of  the  end  of  ^S'S^.^^^Tf  ^^^.SL^ 
the  bone  for  the  trochlear  joints  of  the  weaiden.  (Natana  aiie.) 
toes,  entirely  absent,  as  they  are  in  the  smooth,  slightly  undulating 
convex  surface  of  the  expanded  end  of  the  fossil. 
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On  the  metatarsal  hypothesis,  the  promiDent  convex  articular  sur- 
face^f  fig.  1,  could  b^  no  pther  than  part  of  the  projecting  trochlea 
for  the  middle  toe;  but  it  is  uniformly  convex,  not  grooved  as  in 
that  trochlea  in  the  Heron  and  other  birds ;  and,  moreover,  there 
is  po  cleft  in  thd  fossil  bone  separating  it  from  the  adjoining  con- 
dyie,  which  cleft  must  have  been  present  if  the  fossil  had  been  a 
tarso^metatarsal.  There  is  a  second  smaller  rough  elliptical  surface 
ate  (fig.  1))  on  the  concave  side  of  the  bone  near  the  margin  oppo- 
site to  that  where  the  larger  surface  o  is  situated :  the  median  mar- 
gin of  the  smaller  surface  c  is  slightly  raised.  This  surface  is  want- 
iug  in  the  tarso-metatarsals  of  the  Heron  and  other  birds.  But 
the  most  decisive  evidence  against  the  metatarsal  character  of  the 
fossiJ  in  question,  now  that  the  true  position  of  the  distal  articula- 
tion is  determined,  is  given  by  the  configuration  of  the  opposite 
or  convex  side  of  the  expanded  end  of  the  bone,  which  proves  that 
end  to  have  been  simple,  not  trifid  (fig.  2). 

Afler  the  recognition  of  the  above  characters  of  the  Wealden 
fossil,  I  .proceeded  to  compare  it  with  other  bones  of  the  skeleton 
of  birds,  and  found  in  the  lower  or  distal  extremity  of  the  humerus, 
the  part  that  most  nearly  resembled  the  fossil  in  its  present  condi- 
tion. This  part  presented,  for  example,  the  same  unequal  expan- 
sion, the  same  smooth  and  gently  undulating  convexity  on  the  back 
part,  and  a  similar  concavity  on  the  fore  part ;  a  portion  of  the 
distal  articular  surface  corresponding  with  that  marked  a,  and  a 
prominence  of  the  outer  condyle,  which  corresponds  with  that 
marked  b  in  fig.  1.  In  the  humerus  of  most  birds  of  flight,  there  is 
a  rough  surface  on  the  concave  (anterior)  side  of  the  distal  end, 
about  as  far  from  the  condyle  or  articular  surface  as  the  spot  o  in 
the  Wealden  fossil,  and  there  is  also,  in  some,  as  the  Cranes  and 
Herons,  a  small  elliptical  surface,  lower  down,  near  the  opposite 
margin,  with  the  edge  next  the  middle  of  the  bone  slightly  raised, 
like  that  marked  r  in  fig.  1,  but  nearer  the  distal  end. 

Ijlin  led  by  theie  resemblances  to  regard  the  fossil  as  the  distal 
esl'djt^  humerus,  and  by  the  analogy  of  that  bone  in  Birds,  to  be 
pari  qip-UM  ief^  humerus.  The  thin  compact  walls  (figs.  4  and  7) 
and  Iai)|i^' cavity  of  the  bone  determine  it  to  have  belonged  to  a 
creature  endowed  with  the  power  of  flight  Yet,  although  the  first 
bone  of  the  wing  in  Birds  oflers  the  nearest  general  resemblance  to 
the  fossil,  there  are  several  important  differences  in  the  fossil. 

The  surface  answering  to  o  (fig.  I)  is  usually  larger  and  of  a 
Fig.  3.  Fig.  4s 


/^ 


Fig.  3,  under  view,  fig.  4,  upper  view,  of  the  diaUl  end  of  the  humerus  of  a  Pterodactyle. 
Wealden.  (Natural  site.) 


1845.]'  OWEN  ON  SUPPOSED  birds'  BONES  IN  THE  WEALDEN.         99 


rhomboidal  form,  bs  in  the  Eagle,  or  is  triangular,  as  in  the  large 
Cranes,  extending  into  the  anterior  concavity,  and  in  all  cases  nearer 
to  the  smaller  surface  c,  than  in  the  fossil.  The  surface  answering 
to  <r,  also,  is  always  lower  down  in  the  humerus  of  birds;  in  fact,  on 
the  fore-part  of  the  ulnar  condyle.  The  fossil  humerus  has  the  ra- 
dial or  outer  condyle  more  produced,  more  extensive  and  thinner ; 
the  whole  distal  end  expands  more  gradually,  and  to  a  greater  ex- 
tent in  the  fossil  in  proportion  to  the  diameter  of  the  shaft,  i.e.  than 
in  any  bird's  humerus.  If  the  surface  b  (fig.  1  &  S)  be  the  anterior 
extremity  of  an  oblique  elliptic  articular  tuberosity,  answering  to 
the  radial  tuberosity  in  the  bird's  humerus,  it  is  nearer  the  middle 
of  the  distal  end  of  the  bone,  as  it  is  in  Bats  and  Pterodactyles ;  and 
the  outer  distal  surface  a  is  broader  than  the  analogous  surface, 
which  rests  on  the  radio-ulnar  ligament  in  Birds. 

The  linear  ridges  dy  like  those  that  afford  attachment  to  the  apo- 
neurotic thecae,  which  bind  down  the  tendons  as  they  glide  along 
the  metatarsus  to  the  toes,  in  Birds,  are  not  present  on  the  fore-part 
of  the  humerus  of  Birds ;  but  similar  ridges  are  present  on  the  back 
part  of  the  upper  half  of  that  bone,  and  they  exist  in  most  of  the 
long  bones  of  Pterodactyles. 

In  short,  the  amount  of  resemblance  and  of  difference  respectively, 
which  is  demonstrable  between  the  fossil  and  what  I  take  to  be  the 
corresponding  bone  in  Birds,  is  such  as  is  found  in  certain  bones  of 
those  bird-like  reptiles  the  Pterodactyles. 

The  distal  end  of  the  humerus  in  the  Pterodcuiylus  niacronyx 
from  Lyme  Regis,  now  in  the  British  Museum,  described  and  figured 
by  Dr.  Buckland  in  the  '  Geological  Transactions,'  vol.  iii.  2nd  series, 
pi.  27,  shows  the  same  general  form  and  gradual  expansion  ;  but  the 
condition  of  the  fossil  does  not  permit  the  comparison  to  be  pursued 
into  the  needful  details  for  ''* 

unequivocal  determination. 
I  proceed,  therefore,  to  give 
the  result  of  my  re-examina- 
tion of  the  second  of  the  most 
characteristic  fossils  from  the 
Wealden,  attributed  to  a  bird, 
that,  viz.,  which  I  formerly 
stated  in  the  note  cited  by 
Dr.  Mantell  to  be  "  very  like 
the  head  of  the  humerus  of 
a  bird,  but  to  differ  from 
any  in  the  Museum  of  the 
College  in  the  sudden  ex- 
pansion of  the  head  ♦." 

This  expansion  is  due  to 
the  outward  extension  of  the 
broad  and  thin  process  g^ 
fig.  5,  answering  to  the  outer 

or    aeiCOiaai    process    m    me  » PterodjMrtylc.  Waddcn.    (Natural  use.) 


*  Loc.  cit.  p.  176. 
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hwmeruB x>l the  btrd^.Mitl  ta. 
atorrespooding  productkMD, 
thiHigfa  to  a.le8a:«xtent»  of 
the  opposite  or  tliicker  angle 
/it answering  to  the  iaiief  tu- 
beroaky  in  Birds.  Tlie  ez- 
pKMed  aurface  of  the  foseil  is 
therefore  the  posterior  or  aU" 
enmal  surface,  towards  which 
thetransYerselY  extended  ar- 
ticular head  of  the  bone  e  is  Upperviewofprorinulendofthehumenttof  »Ptero- 
inclined.      The  difference  be-  dactyle.  Wealden.  (Natund«xc.) 

tween  the  fossil  proximal  portion  of  the  humerus  and  that  part  of  the 
skeleton  in  birds  of  flight,  is  manifested  by  the  more  reniform  figure 
of  the  head  e  in  the  fossil  (figs.  5  and  6),  its  closer  proximity  to  the 
inner  tuberosity/  the  minor  production  of  that  tuberosity,  the  absence 
of  the  cavity  on  its  back  part,  and  of  the  pneumatic  foramen,  which 
in  birds  of  flight  is  there  situated  ;  and  lastly,  the  greater  length  and 
less  extent  in  the  direction  of  the  axis  of  the  bone,  of  the  outer  plate 
or  process  g. 

It  may   therefore  be  in-  Fig.  7* 

ferred,  that  the  large  cavity 
shown  at  the  broken  ends  of 
the  fossil  (fig*  7)  was  filled, 
aa  in  Bata  and  Pterodactyles, 
by  a  light  fluid  marrow,  and 
not  by  air. 

•■  The  humerus  of  the  Ptero* 
dac^bu  macranyx  above  oi* 
ted  ahowsasimilar  form  of  the 
outer  proximal  plate  mark- 
ed 1"*,  and  though  this  pro- 
oeaa  is  unluckily  broken  off 
in  both  humeri  of  that  unique  specimen,  yet  its  great  length  is  indi- 
cated by  an  impression  in  the  matrix.  The  whole  extent  of  this  pro- 
cess is  fortunately  shown  in  the  Pterodaelylus  crastirostris  fi<;ured 
by  Goldfussf ;  and  in  that  of  the  P.  kmgirostrisy  given  by  Cuvier 
in  the  5th  volume  of  the  '  Ossemens  Fossiles,'  pt.  ii.  pi.  S23,  Cuvier 
saya,  in  reference  to  the  humerus  of  the  Pterodactyle,  "  On  peut 
r^narquer  que  sa  tub^rosite  ant6rieure,  (1)  est  fort  saillante  comme 
dana  lea  tortuea  de  mer  et  dans  les  oiseaux,  ce  qui  convenoit  tr^- 
bien  au  premier  oa  d'une  veritable  aile."  (p.  369.) 

The  comparison  is  obviously  general,  in  reference  to  the  modifi- 
cation of  the  humerus  in  relation  to  flight;  but  the  special  difference 
of  form  and  proportion  between  the  process  alluded  to  in  the  Ptero- 
<daotyle  and  the  homologous  one  in  the  bird,  is  preciaely  that  which 
the  fossil  head  of  the  humerus  from  the  Weaiden  presents  in  com- 
.  {rarison  with  the  humerus  of  a  bird  of  flight. 

*  L9C.  miteHt.  pi.  27. 

t  Beitrage  zur  Kenntniss  verschiedener  Reptilien  der  Vorweh ;  GoldfiiBa,  Nova 
Acta,  &C.,  XY.  pt.  i.  p.  63.  tab.  7,  8,  9. 


Lower  view  of  proximal  end  of  <be  hnmenu  of  a  Ptero- 
dactyle. Wcaldeu.  (Natural  size.) 
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I  conclude,  therefore,  that  the  Wealden  foesi)  (fig.S)  n  the  proxi- 
mal end  of  the  lefl  humerus  of  a  ^terodactyle :  and  since  the  othei* 
fossil  from  the  Tilgate  strata  (figili  1  to  4)  is  the  distal  extremity  <^tt 
left  humerus,  presenting  the  same  degree  of  approximation  to  that 
partte  ti^e  bird,  but  with  difierences  irreconeileable  with  their  id«n<^ 
tity,  and  which  are  mast  lilcely  to  be  such  as  will  be  found  in  'th^ 
same  part  in  a  Pterodactyle ;  and  since  the  fossil  (figs.  1  to  4)  cor- 
responds precisely  in  its  proportions  and  the  size  of  the  shaft  with  the 
fossil  (figs.  5  to  8),  it  is  highly  probable  that  it  is  part  of  the  san^ 
bone ;  and  it  is  more  than  probable  that  it  has  belonged  to  a  Pterodac- 
tyle,  and  not  to  a  bird  :  and  thus  it  appears  that  an  afliirmative  reply 
must  be  returned  to  the  sagacious  inquiry  by  Dr.  Buckland,  whether 
'*  the  bones  discovered  in  the  strata  of  Tilgate  forest  may  not,  on 
more  careful  examination,  prove  to  belong  to  the  Pterodactyle*." 

The  Wealden  fossils  here  commented  on  formed  part  of  Dr.  IVf  an- 
tell's  valuable  collection  and  are  in  the  British  Museum. 

The  species  indicated  by  the  highly  interesting  fossils,  viz.  the 
proximal  and  distal  end  of  the  humerus  above  described,  must  have 
been  about  one- third  larger  than  the  Pterodactylus  macront^  from 
the  lias  of  Lyme  Regis,  described  by  Dr.  Buckland  in  tlie  Srd  vol. 
of  the  2nd  Series  of  the  Society *s  Transactions,  p.  21 7  ;  and  it  was 
probably  as  large  as  the  Pterodactyle  from  the  chalk  exhibited  by 
Mr.  Bowerbank  at  a  meeting  of  the  Society  in  May  lastf. 

This  latter  discovery  has  very  naturally  suggested  a  doubt  respect- 
ing the  described  Omitholites  from  the  chalk,  analogous  to  that  ex- 
pressed by  Djv Buckland  with  regard  to  the  supposed  Oniitholites 
from  the  Wealden,  and  the  question  may  now  be  urged  with  greater 
force,  since  the  re-examination  of  the  supposed  Wealden  Omithblites 
has  tended  to  prove  them  to  belong  to  the  Pterodactyle.  if  o^iy  the 
shafts  of  hollow,  long  bones,  like  that  figured  in  the  Geological 
Transactions,  2nd  Series,  vol.  vi.  pi.  39.  fig.  1,  had  been  discovered 
in  the  chalk,  the  idea  of  their  having  belonged  to  Pterodactyles 
might  be  admissible ;  notwithstanding  the  prodigious  sisie  which>  in 
that  case,  must  have  been  attributed  to  the  species  of  Volant  Refktile 
of  the  cretaceous  epoch ;  but  the  evidence  of  a  bird  in  the  chalk 
formation  rests  upon  a  much  more  characteristic  bone,  the  distal 
trochlear  end,  B.g.  of  a  tibia,  a  figure  of  which  is  given  in  the  plate 
above-cited,  fig.  2. 

This  form  of  the  lower  end  of  the  tibia  is  quite  peculiar  to  Birds, 
and  relates  to  the  equally  peculiar  absence  of  distinct  tarsal  bones ; 
these  bones  being  coufiuent  with,  and  apparently  forming,  the  simple 
superior  extremity  of  the  tarso-metatarsal  bone  in  the  bird.  In  the 
Pterodactyle  there  is  a  true  tarsus,  consisting  of  two  larger  ossicles 
in  the  first  row,  and  of  two  or  three  in  the  second  row,  like  those  of 
Lizards,  and  the  distal  end  of  the  tibia  is  modified  conformably; 

I  have  recompared  the  specimens  originally  submitted  to  me  by 
the  Earl  of  Enniskillen,  and  described  as  the  remains  of  a  longi- 
pennate  bird  in  the  Society's  Transactions  \ ;  and  I  cannot^  at  present, 

*  Geol.  Trans.  2nd  Series,  vol.  iii.  p.  220.  f  Sec  4n/«»  p.  7. 

$  awlSaies,  ToL  vi.  p.  4U,  and  pi.  uiix. 
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seegrotinds  fbr  My  other  cktefmination  of  those  chalk  fossils.  If, 
Ws'b^itMfmostf'piykbafble,  the  Ornithichnites  of  the  New  Red  Sand- 
<^toMe^  of  Cbninre<itiOfi€  a/re  the  foot-prints  of  birds,  species  of  the 
fathered  <ikiJaB'iHCt]^'weU  have  been  tf^ociated  with  Pterodactyles  in 
the  more  recent  secondary  strata. 

We  have  no  satisfactory  evidence,  however,  of  the  existence  of 
birds  in  the  Wealden. 


2.  On  Amber  and  on  the  Organic  Remains  found  in  it.     By  Pro- 
fessor GoppERT  of  Breslau. 

[Communicated  by  Sir  R.  I.  Mnrchison,  G.C.S.] 

Amber  appears  to  be  a  product  formed  during  the  period  of  the 
Molasse.  The  forests  in  which  the  trees  grew  whence  this  substance 
was  derived,  were  situated  in  the  south-eastern  part  of  what  is  now 
the  bed  of  the  Baltic^  in  about  55^  north  latitude,  and  S7°-<38°  east 
longitude.  With  the  commencement  of  the  diluvial  period  this 
forest  was  gradually  (probably  at  long  intervals)  destroyed,  being 
swept  away  by  diluvial  torrents,  and  possibly  also  by  storms  coming 
from  the  north  and  north-east,  and  the  amber  was  thus  drifted  to 
the  south  and  south-west,  on  the  coasts  and  in  the  countries  where 
we  now  find  it.  Amber  was  a  resinous  exudation  fVom  an  extinct 
pine,  Pinites  succinifer,  most  neariy  allied  to  Pinvs  ahie$  and 
P,  Picea,  but  differing  from  these  In  several  respects.  The  resin 
exuded  chiefiy  from  the  root  stock,  but  also  from  the  bark  and  the 
wood,  as  is  stil)  the  case  with  the  resin  called  Copal,  and  others. 
The'dtflbrent  colours  of  amber  are  derived  from  local  circumstances 
of  chemical  admixture. 

Among  the  fVagments  of  vegetable  matter  contained  in  this  sub- 
stance those  of  dicotyledonous  trees  are  chiefly  abundant,  and  the 
tribe  of  Conifera  no  doubt  occupied  a  great  part  of  the  amber 
forest.  Of  Pine  there  are  at  least  four  species,  and  with  these  we 
And  Cypress,  Taxodittmy  Tkuia  (five  species),  and  also  Juniper  and 
Ephedra,  Of  leaf-bearing  trees  we  find  Quercus,  Fagus,  Carpinus, 
Betula  and  Populus;  and  of  undervf ood,  Bricacete  with  coriaceous 
leaves,  &c.,  forming  in  the  whole  a  flora  comprising  forty-eight 
species,  which  has  considerable  resemblance  to  that  of  North 
America.  There  was  also  a  cryptogamous  flora,  including  a  beau- 
tiful fern,  Pecopteris  Humboldtiana,  several  mosses,  and  some  small 
fungi,  Confer viB  and  liverworts  which  are  yet  undetermined. 

The  fauna  of  this  period  was  extremely  numerous,  upwards  of 
800  species  of  insects  having  been  discovered,  besides  the  remains 
6f  Crustacea,  Myriapoda,  Araehnidea,  &c.  The  insects  include 
Aptera,  ZHptera,  Neuroptera,  Coleoptera,  Libellula,  &c.,  but  water 
ih^ects  are  rare.  Only  a  few  hairs  and  feathers  of  Mammalia  and 
Birds  have  as  yet  been  obtained,  and  the  fragments  of  Amphibia 
and  Fislies  that  have  been  described  are  artificial  productions. 

All  the  remains,  both  of  vegetables  and  animals,  contained  in  the 


amber  exhibit  ooly  a  generic  ideutiiytwith.esistiDg  planU  ami  axM- 
mab,  and  are  not  specifically  the  same^  The  most  l)^arly  aUi^d 
forms  occur  sometimes  in  the  same  district,  but  more  frequeutly  m 
North  America.  Several  of  the  species  exhibit,  however,  no  ai]^ia- 
gies  with  known  forms. 


3.  Notice  of  an  Earthquake  and  a  probable  Subsidence  of  the  Land 
in  the  district  of  Cutch,  near  the  mouth  oft/ie  Koree,  or  Eastern 
branch  of  the  Indus,  in  June  1845.  Extracted  from  a  Letter  to 
Capt.  Nelson,  R.G. 

[Communicated  by  the  President.] 

'^  One  of  Capt.  M^Murdo's  guides  was  travelling  on  foot  to  him  from 
Bhooj.  The  day  he  reached  Luckput  there  were  shocks  of  an 
earthquake,  which  shook  down  part  of  the  walls  of  tlie  fort,  ^nd 
some  lives  were  lost.  At  the  same  time  as  the  shock  the  sea  rolled 
up  the  Koree  (the  eastern)  mouth  of  the  Indus,  overflowing  the 
country  as  far  westward  as  the  Goongra  river  (a  distance  of  twenty 
English  miles),  northward  as  far  as  a  little  north  of  Veyre  (forty 
miles  from  the  mouth  of  the  Koree),  and  eastward  to  the  Sindree 
Lake.  The  guide  was  detained  six  days  (from  June  1 9th  to  25th), 
during  which  time  sixty-six  shocks  were  counted.  He  then  got 
across  ta  Kotree,  of  which  only  a  few  small  buildings  on  a  bit  of 
rising  ground  remain.  Most  of  the  habitations  throughout  the  di- 
strict must  have  been  swept  away,  the  best  houses  in  Scindfe  Ji>.e^lg 
built  of  sun-dried  bricks,  and  whole  villages  consisting  only  of  t^uts 
made  of  a  Dew  crooked  poles  and  reed  mats.  The  guide  tr^vejded 
twenty  miles  through  water  on  a  camel,  the  water  up  to  thebf^ast*? 
body.  Of  Lak  nothing  was  above  water  but  a  Fakeer's  pol^  j^the 
flagstaff  always  erected  by  the  tomb  of  some  holy  man) ;  anq  of 
Veyre  and  other  villages  only  the  remains  of  a  iew  houses  were  to 
be  seen. 

"  There  are  said  to  be  generally  two  earthquakes  every  year  a^ 
Luckput  The  Sindree  Lake  has  of  late  years  become  a  salt  marsh/' 


4.  On  the  Occurrence  of  Nodules  (called  Petrified  Potatoes)  found  an 
the  Shores  of  Lough  Neagh  in  Ireland,  By  the  Very  Rev.  Dr. 
BucKLAND,  F.R.S.  &c,  &c.,  Dean  of  Westminster. 

The  author  stated  that  these  peculiar  nodules  seem  to  be  limitec),  |p 
their  occurrence  to  the  space  between  high  and  low  water  pi\  t^^ 
margin  of  Lough  Neagh.  Their  average  size  is  from  tw^o  to  thr^ 
inches  in  diameter  ;  they  are  irregularly  spherical  or  suboval,  wnli 
the  surface  occasionally  indented.  They  are  composed  ofa  gr^y 
marlstoae  interspersed  with  black  and  green  sand.  They  e|($;r^e^fp 
with  acids.  ,,       .,i,  ,,/ 
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"  ^Eittr^neoos  frtigmefits  occRMdnallj  prefect  from  them  and  are 
llklf  imbedded  rn  therr  mdes.  Or  being  broken  they  are  found  to 
tie  Intersected  \<^h  eraeks,  like  ^eptaria,  probably  the  result  of  de- 
sictiMtion,  and  sobAeqaently  filled  by  cryetalline  carbonate  of  lime. 
"  The  author  explains  the  origin  of  these  stones  by  referring  to  the 
'Anlik)gouii  concretions  of  clay  described  by  him  many  years  ago, 
and  occurring  on  the  sea-shore  at  Lyme  Kegis.  These  latter  are 
"Coprolitlc,  containing  within  them  undigested  scales  and  bones  of 
^hM ;  bnt  the  Lough  Neagh  stones,  although  only  containing  frag- 
itt^nts  of  9tone,  are,  like  these  marine  Bezoars  of  Lyme,  formed  by 
CherMling  action  of  the  waves  of  the  lake  on  balls  of  clay,  which 
gather  up  any  extraneous  substance  that  may  come  within  their  ad- 
hesire  contact 

They  have  been  subsequently  hardened  by  exposure  to  the  dry- 
ing action  of  sun  and  wind  in  summer,  and  afterwards  have  again 
itttdergone  attrition  by  the  waves  when  the  waters  of  the  lake  have 
once  more  reached  them,  perhaps  at  the  return  of  winter. 


January  7,  1846. 

.  Benry  Scale,  Esq.,  and  George  Thornton,  Esq.,  were  elected 
Fellows  of  the  Society. 

The  following  communications  were  read: — 

1,  thithe  Fossil  Remains  of  Birds  in  the  Wealdbn  Strata  of  the 
South-east  rf  England.  By  G.  A.  Mantell,  Esq.,  LL.D., 
F.R.S. 

As  the  recent  communication  of  Professor  Owen,  "  on  the  Sup- 
posed Fossil  Bones  of  Birds  in  the  Wealden,"*  relates  to  a  specimen 
described  by  me  in  the  Geological  Transactions,  vol.  v.  p.  175,  and 
accurately  figured  in  that  volume  (pi.  1 S.  figs.  1  and  3),  I  am  in- 
clined to  solicit  the  attention  of  the  Society  to  the  following  remarks 
on  this  interesjiting  subject. 

These  two  portions  of  bone  were  discovered  by  me  twelve  years 
since  in  a  quarry  near  Cuckfield  in  Sussex.  Each  specimen  was 
imbedded  in  a  mass  of  sandstone  of  the  same  colour  and  composi- 
tion ;  and  though  formed  separately,  and  the  intermediate  portions 
both  of  bone  and  sandstone  wanting,  the  resemblance  between  the 
fossils  was  such  that  I  did  not  hesitate  to  consider  them  as  the  upper 
and  lower  extremity  of  the  same  bone.  I  cleared  away  the  stone 
with  great  care,  and  attached  the  two  portions  to  a  card,  with  a 
dotted  outline  to  indicate  the  supposed  line  of  union.  The  specimen 
was  exhibited  in  this  state  in  my  museum  at  Brighton ;  the  humerus 
)or  a  bird  being  placed  beside  it,  to  show  the  general  resemblance 
*  See  antef  p.  96. 
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between  it  and  the  fosaiU  When  Frof^ssor  Oweq^  in  I8S5y,pt4^ipgly 
offiBred  to  institute  a  rigorous  ejAminatioD  of  all  the  boom. in, (inj 
ooUectioD  that  were  supposed  to  be  referable  to  BMf.  pr  JP^rojii^ 
tyka^  his  attention  was  particularly  requested  to  .thf.  ^pe/i^i^^^i^^iiKi 
question.  The  result  of  that  examination  was  given  bjxae  ioithe 
Memoir  on  Fossil  Birds,  above  referred  to,  and  to  that  paper,,!  bf\g 
to  refer,  to  avoid  unnecessary  repetition.  It  will  suffice  for  my  p^ 
sent  purpose  to  state  that  Professor  Owen  deemed  my  conjecture  as 
to  the  original  individuality  of  the  two  portions  errooeouSrand  tf^ 
ferred  the  head  of  the  bone  to  a  humerus,  as  I  had  done,  bjiti  tfi^ 
other  extremity  he  pronounced  to  be  the  tarso-metatarsal  of  a  Wa4far« 
In  Professor  Owen's  recent  communication  to  the  Society,  the  data 
on  which  his  present  interpretation  of  that  fragment  is  founded  are 
fairly  and  perspicuously  detailed.  Both  portions  he  now  admits  to 
belong  to  but  one  bone ;  and  the  supposed  tarso-metatarsal,  which 
upon  such  high  authority  I  had  announced  as  affording  proof  of  the 
existence  of  birds  during  the  Wealden  period,  proves  to  be  the  lower 
extremity  of  a  humerus.  This  humerus,  for  anatomical  reasons  which 
are  fully  explained  in  Professor  Oweu*s  communication,  he  now  con- 
siders to  be  indisputably  that  of  a  Pterodactyle,  and  not  of  a  Bird ; 
and  he  also  arrives  at  the  conclusion  that  all  the  other  supposed  birds' 
bones  of  the  Wealden  must  be  referred  to  flying  reptiles ;  an  opinion 
which  I  submit  is  not  based  on  satisfactory  grounds.  In  the  first  place, 
the  bone  which  has  given  rise  to  these  remarks  is  imperfect  at  both  ex- 
tremities. The  inferior  end,  though  now  rendered  somewhat  more  in- 
telligible from  a  few  particles  of  stone  having  recently  been  rcmorcd, 
has  but  a  very  small  part  of  the  articulating  surface  remaining,  and 
there  are  no  characters  by  which  a  correct  outline  of  the  original 
could  be  restored.  The  upper  part  is  also  imperfect,  and  if  it  be 
assumed  to  belong  to  a  Pterodactyle,  it  should, 
I  conceive,  have  some  indications  of  the  pro- 
minent convex  head  (a)  to  fit  the  socket  of  the 
glenoid  cavity,  as  in  the  humerus  of  the  Pie- 
rodadyhu  crasiirostris  of  Goldfuss,  of  which 
an  outline  is  annexed  ;  but  no  vestige  of  such 
a  process  can  be  discovered^  The  utmost 
therefore  that  can  be  predicated  as  to  the  fossil 
is,  that  it  is  the  humerus  of  an  animal  capable 
of  flight;  that  it  possesses  characters  which 
bring  it  in  close  relation  to  the  corresponding 
bone  of  Birds  and  Pterodactyles,  but  that  the 
state  of  the  articulating  surfaces  of  the  extre- 
mities is  too  imperfect  to  warrant  a  positive 
determination  as  to  which  order  of  beings  the 
original  belonged.  To  affirm  that  this  humerus 
is  &Bt  of  a  Pterodactyle  appears  therefore  to 
me,  in  the  present  state  of  our  knowledge, 
just  as  likely  to  lead  to  error  as  was  the  former 
misinterpretation  of  the  lower  extremity  of  tliis  IbssiL  In  the  oetxi 
place,  notwitlistanding  the  accession  which  has  been  made  to  palae- 
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ontology  tiDce  the  lamented  death  *of  Baron  Cuvier,  the  opinions  of 
that  illustrious  philoeof>her«n  this  subject  ought  not  to  be  rejected 
upon  such  iosuffieient  data- as  those  hitherto  obtained.  Some  of  the 
specimens  inspected  by  Bai^n  Cuvier  are  not  at  this  time  exhibited 
in  the  British  Museum,  nor  have  I  been  able  to  obtain  a  sight  of 
tbtoi  to  examtae  them  anew  ;  the  humerus  was  not  found  till  after 
tke  death  of  Baron  Cuvier.  The  whole  of  the  evidence  which  satis- 
fied the  founder  of  Palssontology  of  the  existence  of  birds'  bones  in 
thd  Wealden  strata  is  therefore  not  before  us :  but  be  this  as  it  may, 
I  contend  that  it  is  premature  and  unphilosophical  to  pronounce 
thatall  the  bones  belonging  to  animals  capable  of  flight  found  in 
these  deposits  are  to  be  referred  to  Pterodactyles ;  the  evidence  may 
be  deemed  presumptive  but  not  conclusive :  surely  the  great  discre- 
pancy between  the  former  and  present  interpretation  of  the  fossil 
that  has  given  rise  to  these  observations  affords  a  salutary  caution 
which  should  not  be  wholly  disregarded. 


2.  On  the  Classification  of  the  Fossiliferous  Slates  of  Cumber- 
land, Westmoreland  and  Lancashire  (being  a  Supplement 
to  a  paper  read  to  the  Society,  March  12, 1846).  By  the  Rev.  A. 
Sedgwick,  M.A.,  F.R.S.,  Vice-Pres.  G.S.,  Woodwardian  Pro- 
fessor of  Geology  in  the  University  of  Cambridge. 

Part  I, 

*  5  1 .  Introduetion. — An  abstract  of  my  former  memoir  on  this 
stib^ect  having  been  published  in  the  first  volume  of  the  Geological 
Joiimal*,  I  am  spared  the  necessity  of  entering  on  many  details  by 
way  of  inti'oduction.  Since  however  the  subject  before  me  is  one 
of  great  complexity,  I  may  be  permitted  to  enumerate  the  results  I 
berore  arrived  at,  and  to  illustrate  them  by  sections. 

The  general  section  through  the  great  Cumbrian  cluster  of  moun- 
tains gives  us  three  distinct  groups  of  slate  rocks. 


Keodfti. 


1.  GinsKAL  SscTioM  acToas  Cumbbelahd. 
Skiddaw. 


1 1 .  New  red  Hmdstone. 
10.  Coal-meuuret. 

9.  Mountain  limestone. 

8.  Old  red  tandatone. 

7.  Coane  slate  and  flagstone. 


.  Granite. 


6.  Calcareons  slate  of  Coniston. 

5.  Green  roofing  slate  and  pori^jrjr. 

4.  Skiddaw  slate. 
3.  Chiastolite  slate. 

5.  Sjtnite. 


♦  VoL  i.  p.  442. 
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III.  Upper  system  of  slates,  with  a  few  ealcareous  bands  fuli-  of 
fossils,  the  whole  deposit  more  or  ]«ss  fossilifierous*  •  ti- 

II.  Green  roofing  slate  and  eoDtemporaneoofl  poc^h3rry>  &c.  <• 

1.  Skiddaw  slate,  the  lower  part  of  which  is  metamorphic:"  • 
The  superficial  extent  of  these  three  groups  is  represented  on^he 

maps  of  Cumberland  and  Westmoreland  which  I  hare  had  the  k^ 
nour  to  present  to  the  Society,  and  the  lowermost  (L)  has  ao  ezMt 
parallel  in  Wales.  The  one  marked  11.  is  put  on  the  panllel  of 
the  Snowdonian  slates,  but  in  Cumbria  contains  no  fossils.  The 
next  (III.)  commences  with  beds  of  the  age  of  the  Caradoo  sand- 
stone, and  ends  with  rocks  obviously  of  the  age  of  the  Upper  Lud* 
low  rocks  and  tilestone  of  the  Silurian  system :  it  therefore  includes 
the  whole  or  nearly  the  whole  of  that  system.  The  subdivisions  of 
this  great  physical  group  (IIL)  were  described  in  detail  in  the  paper 
just  alluded  to,  and  were  in  the  following  order :— ^ 

6.  A  great  group  nearly  parallel  with  the  Upper  Ladlow  rock, 
and  ending  on  the  banks  of  the  Lune  with  a  red  flag  or  tilestone. 

5.  Coarse  slates,  flags,  grits,  &c, 

4.  Ireleth  slates,  &c.,  subdivided  into  three  subordinate  groups : 
viz. 

y.  Upper  Ireleth  slate. 

0,  Calcareous  slate  and  limestone. 

a.  Lower  Ireleth  slate. 
3.  Coniston  or  Fumess  grits.     Thickness  greater  than  No.  2. 

2.  Coniston  or  Brathay  flagstone.  Thickness  1500  i^et  On  the 
parallel  of  Wenlock  shale. 

1.  Coniston  limestone,  surmounted  by  calcareous  shales  and  slate. 
Aggregate  thickness  about  300  feet.     Fossils,  Lower  Silurian. 

During  the  past  summer  I  have  re-examined  a  part  of  the  evidence 
on  which  I  endeavoured  to  establish  these  subdivisions  of  the  fpsqi- 
liferous  slates  of  Westmoreland,  &c^  and  I  still  adopt  the  first  four 
subdivisions  almost  without  change.  But  No.  5.  (coarse  slates,  flaga^ 
grits,  &C.)  I  now  consider  as  forming  a  sub-group  of  No.  4,  or  Ireleth 
slates,  and  No.  6. 1  subdivide  into  two  groups, — a  lower  and  an  upper. 
The  lower  of  these  two  groups  passes  into  the  system  of  the  Ireleth 
slates  in  the  descending  sections,  and  in  the  ascending  sections  passes 
into  the  upper  group,  which  ends  with  the  tilestone.  This  slight 
change  I  was  compelled  to  adopt  when  I  endeavoured  to  lay  down 
the  subdivisions  of  the  whole  fossiliferous  series  on  the  county  map ; 
but  it  is  in  itself  unimportant,  and  it  involves  no  change  of  principle* 
According  to  this  scheme.  No.  5,  the  upper  group  (on  the  parallel 
of  the  Upper  Ludlow  rock)  is  subdivided  into — 

6.  Arenaceous  slates,  grits  and  flags,  almost  without  cleavage,  aad 
passing  in  ascending  order  into  green  and  red  arenaceous  flag- 
stone {tilestone)  (c). 

a.  Slates,  grits  and  flags,  with  partial  slaty  cleavage,  and  passing 

into  and  blending  with  d  of  No.  4. 
No.  4.  Ireleth  slates,  &c^  includes 

d.  Coarse  slates,  flags  and  grits,  &c. 

y.  Upper  Ireleth  slates. 
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/9.  Calcareous  slale  and  limestone, 
or.  Lower  Ireleth  slates. 
Tliese  are  followed  by  No.  3,  the  Coniston  grits,  No.  2,  the  Co- 
niston  flagstone,  and  No.  ],  the  Coniston  limestone,  &c. 
'  'The  sememe  bere  given  agrees  with  the  annexed  ideal  vertical  sec- 
tiM  of  the  whole  Cumbrian  series,  inferior  to  the  old  red  sandstone. 
TXT  [7   Great  soar  limestone. 
\6.  Old  red  sandstone. 

fc.   Red  flagstone. 
'5.  Upper  slate  of  Kendal.  <  b.  Coarse  flagstone. 
I^a.  Finer  flagstone, 
r^.  Coarse  slates,  flags  and  grits,  &  c. 

4    Ireleth  slates  <  ^*  Upper  Ireleth  slates. 

III.^    '  *  I  /i.  Calcareous  slate  and  limestone. 

\jx.  Lower  Ireleth  slates. 
3.  Coniston  grit 
S.  Coniston  flags. 
L  Coniston  limestone. 
II.  Green  slate  and  porphyry. 
L  Skiddaw  slate^  the  lower  part  metamorphic. 
Granite. 

«A{b/«»— The  Istters  and  figures  of  reference  in  this  table  apply  to  the  different 
lectioot  accoQipanying  the  present  paper. 

In  the  following  communication  it  is  my  object,  first,  to  explain 
I)m  scheme  above  given  by  an  appeal  to  actual  sectiong  and  lists  of 
fintfls;  and.  secondly,  by  help  of  tbia  scheme  to  explain  the  physical 
stracture  and  geobgioal  relations  of  a  remarkable  tract  of  country, 
imihidiog  Howgill  Fells,  the  Fdis  near  the  foot  of  the  valley  of  Dent, 
and^iiddleton  Pelbi  which  range  to  the  neighbourhood  of  Kirkby 
LcBsdale*'  The  latter  portion  of  my  task  is  by  far  the  meet  import- 
antf  ms  it  nelates  to  a  country  with  the  structure  of  which  I  was 
almost  entirely  unacquainted  before  last  summer,  and  which  had 
sever  before  been  examined  in  any  detail. 

J  2t  Successive  groups. — The  fossiliferous  series, — Evidence  offered 
by  detailed  secHonSy  &c 

1.  Coniston  limestone  and  calcareous  slate,  ^c. — The  general  re- 
lations, structure  and  fossils  of  this  group  have  already  been  given  in 
iome  detail ;  and  I  should  not  here  attem[it  to  add  anything  on  this 
head  to  the  published  abstract,  had  I  not,  during  the  last  summer, 
visited  the  north-eastern  extremity  of  the  formation  near  Shap  Wells, 
tittd  the  other  extremity  at  the  south-western  end  of  Cumberland. 
At  both  loc^ities  there  are  pheenomena  which  deserve  a  passing  no- 
tice. Near  Shap  Wells  the  Coniston  limestone  is  in  an  indurated, 
conpretlpnary  and  altered  form,  and  is  repeated  twice  over  in  the 
liropk  which  nups  past  the  wells ;  while  an  overlying  mass  of  old 
red  sandstone  and  a  mass  of  felspar  rock  occupy  the  interval  (about 
two  or  three  hundred  yards)  between  the  two  masses  of  limestone. 
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I  formerly  explained  these  appearai;Kie8  by  su^fposuig  that(the  c^red 
structure  of  the  limestone  or  ealcareoua  slajbe  was,  due  to  the  por- 
phyry and  febpar  rock>  wliich  had.  buvet  Jn  upom: the.  line  of  sthe 
limestone  and  separated  it  into  two  Dia6se&'  ^New nmttiogB  foit  a 
railrOAd  through  this  part  of  the  <sottnti7 .  bij^ve  given  me  what  I 
think  a  better  view  of  its  structure.  I  now  think  tbG»porp!byry  .(1^ 
the  porphyry  found  in  some  places  immediately  under  tbe  range  of 
the  limestone)  is  of  an  older  date,  and  that  the  doubly  appf^^iranch 
of  the  limestone  is  due  to  a  fault.  The  accompanying  section  will 
sufficiently  explain  my  meaning. 

S.  Sbctioii  showiog  the  imppetniatte  of  the  ConisToir  limbstohb  in  conieqiience  of  a  fimlt. 
N.  by  W.  Fault.  S.  by  B, 


Unknown. 


The  phaenomena  are  of  great  interest,  but  my  limits  prevent  me 
from  giving  more  than  this  passing  notice  of  them ;  and  it  is  obvious 
that  they  involve  no  principle  of  classification  affecting  the  fossili- 
ferous  slates.  Before  I  quit  this  subject  I  may  just  remark,  that 
where  the  granite  rises  through  the  porphyry  there  are  beautiful  and 
complicated  mineral  results.  Both  the  porphyry  and  granite  are 
changed,  but  the  demaroation  may  be  pretty  nearly  traced^  as  lUe 
main  masses  are  not  confounded.  About  a  mUe  nortJi  of  Ship 
WeUs  the  granite  appears  to  have  cut  off  the  limestpne.  It  is  lafw 
mounted  li^  a  micaceous  glimmering  slate  (like  that  bo  commonly 
seen  dose  to  the  granite  of  Devonshire  and  Cornwall)^  which' in  bne 
place  is  riddled  through  by  granite  veins'*'.  Farther  on  the  tiBemA 
ing  section  these  granular  and  micaceous  slates  appear  to  pass  intooi 
himi  splintery  rock  (in  some  places  approaching  the  character  o£ia 
felstone  slate)  of  great  thickness.  These  hard  slates  are  only*  the 
Coniston  flags  (No.  2)  altered  by  the  granite,  and,  as  is  well  known, 
they  are  traversed  by  one  or  two  dykes  of  red  quartziferous  por- 
phyry of  a  later  date.  In  the  long  range  of  the  Coniston  limestone^ 
from  Shap  Wells  to  the  banks  of  the  Duddon,  which  forms  the 
boundary  of  the  south-west  end  of  Cumberland,  I  have  at  present 
nothing  to  add  to  statements  given  both  in  former  papers  of  our 
Transactions  and  in  the  abstract  in  the  first  volume  of  the  GeiJo* 
gical  Journal  f ,  to  which  I  must  refer.  But  I  was  anxious  to  visit 
the  south-west  end  of  Cumberland,  in  the  hope  of  decidlDg;  ^^|^^ 

Suestions.    The  first  is,  whether  the  Greystone  HoAJiserunestoQepp 
le  hills  west  of  Duddon  Bridge  is  a  true  Coniston  Iknestpne  ? .   Tliis 
bed  is  underlaid  by  beds  of  schaalstein^  porphyry,  fdat^  &c. ;  ijfjffi 

*  I  believe  also  that  the  granite  has  pushed  the  upper  rocks  out  of  their  ti^lfv 
ing,  so  that  they  are  now  seen  to  the  sooth  of  the  line  of  strflte  indicated  by  '^ 
same  Todu  fyther  soudi-wett. 
.  t  m/t'^'^*  page  442.  -r     ; 
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sitnilur  rocks  overlie  the  Greystone  House  limestone  as  far  as  the 
borders  of  the  estuary  immediately  below  Duddon  Bridge.  Tiiis 
fket  it  indicated  in  the  eolours  of  my  field  map  exactly  as  I  finished 
thiB-iMirt  of  it  in  1822.  My  examination  during  the  past  summer 
enablcB  me  lo  answer  this  question  in  the  affirmative.  The  lime- 
stone^ though  granular  and  crystalline,  passes  into  ferruginous,  ccl- 
lulaiv  calcareous  slabs  with  fo^ils ;  and  the  whole  development  of 
the  group  (with  the  exception  of  a  partial  mineral  change  caused  by 
the  association  with  igneous  rocks)  is  exactly  like  that  of  the  Co- 
niston  limestone,  and  is  very  nearly  on  its  line  of  strike,  only  a  slight 
deviation  having  been  produced  by  the  valley  of  the  Duddon. 
These  alternations  of  fossiliferous  and  igneous  rocks  are  anomalous 
in  this  part  of  England ;  but  the  very  anomaly  brings  the  formation 
I  am  describing  into  more  intimate  comparison  with  the  rocks  of 
the  same,  or  nearly  the  same  age  in  North  Wales.  Assuming  the 
truth  of  what  has  been  stated,  it  follows  that  the  limestone  must 
La  re  been  shifted  by  a  vast  fault  and  break  of  the  ^hole  series  of 
strata,  more  than  two  miles  from  its  original  strike.  Those  who  have 
stadied  the  great  dislocations  of  the  strata  near  Conbton  Water- 
head  will  have  little  difficulty  in  admitting  what  is  here  stated*. 

The  second  question  I  wished  to  examine  was  this, — Is  there  in  the 
stmeture  of  the  neighbouring  county  anything  to  explain  this  enor- 
mous Greystone  House  fault?  I  have  already  in  another  place 
answered  this  question  in  the  affirmative.  Immediately  to  the  west 
of  Greystone  House,  the  rugged  hills  of  green  slate  and  porphyry 
rise  to  an  elevation  of  about  1500  feet,  and  are  penetrated  by  dykes 
of  quarcziferous  porphyry  (it).  Similar  slates  and  porphyries  are  con- 
tinued ikrther  south  at  a  much  lower  level,  and  their  beds  are  shat- 
tered In  many  directions:  they  then  form  the  well-defined  ridge  of 
Millam  Park,  and  range  towards  the  sea  along  that  ridge  with  a 
more  regular  strike,  and  a  dip  towards  the  south-east  Commencing 
among  the  shattered  masses  of  slate  and  porphyry. above  noticed,  and 
on  the  west  side  of  the  Greystone  House  fault  (which  runs  nearly 
north  and  south),  there  runs  a  second  enormous  fault  south-east 
and  north-west  down  the  Whitchamp  valley  as  far  as  the  sea-coast. 
On  the  north  side  of  this  second  fault  rises  the  contorted  Skiddaw 
slate  of  Black  Coomb f*  which  contains  mineral  veins  (with  lead,  co- 
balt, &c.),  is  pierced  by  dykes  of  quartsiferous  porphyry,  and  at  its 
northern  end  is  altered  by  and  jammed  against  the  granite  of  Bootle. 
Close  to  the  junction  the  altered  Skiddaw  slate  is  pierced  with  fine 
veins  of  true  granite,  rivalling  some  of  the  corresponding  phaenomcna 
of  Cornwall.  The  upheaval  of  the  system  of  Black  Coomb  produced 
therefore,  first,  the  great  Whitchamp  fault ;  and  secondly,  not  being 
poweHiil  enongh  to  break  through  the  superincumbent  slates  and 
porphyries  farther  to  the  north-east,  shattered  a  portion  of  them  to 

*  Tfa&B  enormous  fault,  produced  by  an  upcast  to  the  south,  has  been  described 
in  my  former  papers,  and  is  laid  down  on  the  coloured  county  map  in  the  possession 
of  the  Geological  Society. 

f  See  the  annexed  diagram,  in  which  the  rocks  intersecting  the  slates  (i)  are 
of  this  porphyry. 
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fragmentary  masses,  and  then  tore  the  whole  system  of  Millam  Park 
bodily  from  the  other  rocks  of  the  same  age,  and  carried  them  fiill 
two  miles  to  the  south-east  of  their  original  strikCiS  thus  producing  ^ 
the  second  or  Greystone  House  fault,  which  is  marked  on  thefltir». 
face  by  the  sudden  great  shift  of  the  Coniston  limestone,  as  indieated- 
in  the  previous  description.  My  present  limits  preclude  any  further- 
details,  but  the  accompanying  section  will  I  trust  make  this  shorl* 
description  intelligible. 

3.  Skction  across  Black  Coomb. 
S.S.E.  N.N.W. 

Hodbarrow  Point.        Millam  Park.  Black  Coomb.         Boode. 


Fault.  Granite. 

The  third  question  I  was  anxious  to  solve  was  this,-^Is  the  Conis- 
ton limestone  continuous,  so  as  only  to  disappear  (along  with  all  the 
other  rocks)  under  the  drifted  matter  which  fringes  the  south-west 
coast  of  Cumberland  ?  Or  is  it  degenerate,  appearing  only  here  and 
there,  in  discontinuous  concretionary  masses,  before  it  is  finally  cut  off 
near  the  coast  ?  Judging  only  by  my  remembrance  of  what  1  saw  io 
1822,  and  by  the  colours  laid  on  my  map  at  that  time,  I  should  have 
said  that  the  Coniston  limestone  was  continuous,  and  that  so  far  from* 
being  degenerate  at  its  south-western  extremity  near  the  coast  of 
Cumberland,  it  was  much  thicker  there  than  in  any  other  part  of  its 
range  from  thence  to  Shap  Wells.  From  the  marshes  south-east  of 
Wander  Hill  to  the  pastures  south-west  of  Beck  Farm  (a  distance  of 
full  two  miles),  the  Coniston  limestone  group  is  magnifieently  deve* 
loped,  having  an  aggregate  thickness  more  than  double  that  of  the> 
same  group  (including  the  overlying  calcareous  slate)  in  its  range 
through  Westmoreland  and  a  part  of  Lancashire.  There  is  a  great 
open  quarry  behind  Beck  Farm,  in  thick  beds  of  nearly  vertieal 
black  limestone  with  white  veins.  They  form  the  base  of  the  series^ 
and  counting  from  them  to  the  highest  calcareous  beds  with  bands 
and  concretions  of  limestone,  we  have  a  thickness  of  full  600  feet» 
Under  this  limestone  is  a  fine  schaabtein  passing  into  porphyry  $  ila 
beds  are  perfectly  parallel  to  the  limestone,  and  for  some  depth 
below  it  contain  the  well-known  Coniston  fossils.  I  think  this  faot 
of  importance*  as  it  shows  the  uninterrupted  continuity  of  the  por^ 
phyritic  and  overlying  system.  At  Water  Blain  the  limestone  is  cut 
through  by  a  fault,  marked  a  narrow  marshy  valley,  beyond  wliich 
the  limestone  is  contorted  and  traversed  by  thick  veins  of  red  oxide 
of  iron.  In  another  quarry  the  limestone  rests  on  schaalstein,  and 
is  partially  altered  and  penetrated  near  its  base  by  flakes  of  ser- 
pentine. 

Before  I  quit  this  discussion  on  the  Coniston  limestone,  I  may  be 
permitted  to  recall  attention  to  the  ridge  of  High  Haume  (south  of 
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Dalton),  on  the  other  side  of  the  estuary  of  the  Duddon.  The 
rocks  are  there  in  a  vertical  position  ;  and,  crossing  from  the  shore 
of  the  Duddon  estuary  towards  Dalton,  we  have  the  following  se- 
quence : — 

(1.)  Sharp  ridges  of  porphyry  and  schaalstein  (exactly  like  those 
under  the  Coniston  limestone). 

(2.)  Beds  of  dolomite,  broken  and  shattered,  with  Favosites 
fibrosa  (but  fossils  extremely  rar»). 

(S.)  Calcareous  slate,  with  many  fossils  of  the  Coniston  lime- 
stone. 

^4.)  Thin  bands  of  schaalstein,  slate  and  porphyry. 

(5.)  Obscure  bands  of  vertical  slate,  ill-exposed,  and  with  no 
well-defined  fossils. 

Taking  the  mineral  structure  and  fossils  into  account,  I  had  no 
hesitation,  during  my  preceding  visit  in  1844,  to  class  a  part  of  this 
calcareous  mass  with  the  Coniston  limestone.  From  the  great  thick- 
ness of  the  shattered  dolomitized  limestone,  I  was  disposed  to  think 
it  probably  amass  of  mountain  limestone  (for  that  formation  is  close 
at  hand)  entangled  among  the  porphyries.  I  now  feel  assured  that 
it  is  only  an  altered  form  of  Coniston  limestone,  and  its  thickness  is 
perhaps  not  greater  than  that  of  the  same  limestone  on  the  Cumber- 
land side  of  the  Duddon  estuary.  J^t  it  be  borne  in  mind  that  there 
is  the  enormous  dislocation  already  alluded  to,  and  that  we  have  in 
this  very  district  the  indications  of  great  but  anomalous  eruptions  of 
contemporaneous  porphyry  both  immediately  before  and  afler  the 
formation  of  the  Coniston  limestone,  and  all  difficulty  will,  I  think, 
vanish.  With  the  exception  of  the  dislocated  mass  above  described, 
there  are  no  Lower  Silurian  rocks  to  the  south  of  Duddon  Bridge. 
The  statements  in  the  abstract  of  my  former  paper  amply  define  the 
general  age  of  the  Coniston  limestone,  and  enable  us  to  class  it 
with  the  highest  portions  of  Caradoc  sandstone. 

2.  Coniston  flags. — Respecting  this  group  I  have  not  many  details 
to  add  to  those  of  my  former  paper.  It  forms  the  true  base  of  the 
Upper  Silurian  rock  of  this  part  of  England.  I  have  now  traced  it 
through  parts  of  the  valleys  of  Dent,  Sedbergh,  and  Ravenstone 
Dale,  on  the  eastern  skirts  of  the  fossiliferous  slates,  and  in  several 
places  it  contains  Cardiola  inierruptcty  along  with  the  Upper  Silurian 
fossils  (GraptoUies  ludensis^  &c.),  mentioned  in  the  abstract  of  my 
paper  of  last  March.  There  can  therefore  be  no  doubt  about  its 
true  place  in  the  series.  Among  the  highest  beds  of  this  group  on 
the  road  between  Hawkshead  and  Coniston  are  OrthoceratUes  sub- 
undukUus^  Portlock,  and  another  species  not  yet  described. 

3.  Coniston  grit — The  beds  of  this  group,  consisting  of  hard 
grits,  &c.,  have  a  remarkably  uniform  character,  considered  as  a 
whole,— only  at  their  northern  end  they  are  degenerate  so  as  to 
give  a  less  impress  to  the  features  of  the  countiy.  They  reappear 
in  the  great  undulations  of  Howgill  Fells  and  IVliddleton  Fells,  &c. 
Throughout  they  show  a  remarkable  association  with  spherical  con- 
cretions often  more  or  less  calcareous,  in  which  respect  they  ofiTer 
analogies  with  many  of  the  harder  Upper  Silurian  grits  of  North 
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Wales*.  Fossils  are  extremely  rare  in  this  group ;  but,  after  a  care- 
ful search,  some  have  been  discovered.  Among  these  are  Cardiola 
inierrupta,  GraptoliUs  ludetisisy  and  fragments  of  Trilobites.  To 
which  may  be  added,  Orthoceratites  Ibex,  and  O.  subundulatus  of 
Casterton  Low  Fell  which  belongs  to  this  group. 

4.  Ireleth  SkOes,  8fc, — These  beds  are  thus  subdivided  : — 

^.   Coarse  slate  and  flags,  &c. 
y.  Upper  or  great  Ireleth  slates. 
/3.  Upper  limestone, 
a.  Lower  Ireleth  slate. 

To  enter  on  any  elaborate  description  of  this  most  complicated 
group  would  involve  me  in  almost  endless  details,  and  I  must  con- 
tent myself  with  little  more  than  an  enumeration  of  leading  points, 
and  refer  to  sections. 

4  a,  or  Lower  Slates,  occupies  a  band  of  very  highly  inclined  beds 
more  than  half  a  mile  broad,  between  the  upper  limestone  of  Tottle- 
bank  Fell  and  the  zone  of  the  Coniston  grits.  Under  the  line  of 
the  same  upper  limestone  (/3)  there  is  at  least  an  equal  thickness  of 
slaty  beds  in  the  Ireleth  country,  on  the  south  side  of  the  Duddon 
estuary.  I  refer  the  slates  of  Bannisdale  Head  and  Bretherdale  to 
thb  sub-group.  In  general  mineral  structure  it  is  almost  identical 
with  the  group  (2)  of  higher  slates,  and  there  is  indeed  no  definable 
difference.  I  know  of  no  fossils  in  this  group  in  the  Ireleth  country 
except  GraptoUies  ludensis ;  but,  from  the  general  absence  of  quar- 
ries, they  may  exist  and  yet  have  escaped  notice. 

4  )3,  or  Upper  Limestone, — This  limestone  appears  in  five  places 
on  the  south-east  side  of  the  Duddon  Sands.  In  this  part  of  the 
range  it  is  of  considerable  thickness,  and  is  still  worked  at  Meer  Beck 
in  a  fine  open  quarry  f.  Most  of  the  old  quarries  are  deserted,  as 
good  mountain  limestone  is  found  by  the  sea-side  close  at  hand,  for 
economical  use.  Farther  towards  the  north  the  band  appears  to 
thin  out;  but  it  re-appears  on  the  south  face  of  Tottlebank  Fell,  in  the 
places  indicated  in  my  former  paper.  It  is  there  very  degenerate. 
The  limestone  is  shelly,  but  extremely  impure.  It  is  composed  of 
irregular  discontinuous  concretions,  and  it  dies  away  on  its  line  of 
strike  before  it  reaches  Coniston  Lake,  and  is  not  seen  again,  in  any 
appreciable  form,  farther  towards  the  north-east.  Fossiliferous 
bands  (with  Ter^bratula  Tuxmculoy  &c.)  do  however  break  out  farther 
to  the  north-east,  nearly  on  the  strike  of  this  limestone,  e.  g,  on  the 
right  side  of  the  road  from  Windermere  Ferry  to  Hawkshead. 

*  These  balls,  both  in  the  grits  and  slaty  bands,  are  of  various  sizes, — some- 
times true  septaria,  sometimes  filled  with  earthy  ferruginous  rotten-stone.  They 
follow  the  beds  and  not  the  cleavage  planes,  and  among  the  more  slaty  masses 
they  are  spheroidal,  with  their  longer  axes  in  the  direction  of  the  beds.  On 
the  contrary,  in  the  Millam  quarries,  the  calcareous  concretions  of  the  Coniston 
limestone  are  formed  on  the  cleavage  planes,  and  not  on  the  beds. 

t  In  one  quarry  there  occur  numerous  specimens  of  a  square-stemmed  Encrinite 
(TV/racrtfu/et  ?). 
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4  y.  The  great  Ireleth  slate  quarries  were  noticed  in  my  former 
paper.  The  whole  hill,  in  which  these  quarries  are  very  largely 
worked,  is  thrown  into  most  complicated  contortions.  But  through 
all  these  complicated  curves  the  planes  of  slaty  cleavage  pass  con- 
tinuously, and  almost  without  any  deviation  in  their  strike  and  dip. 
I  hope  to  return  to  the  description  again,  in  a  paper  devoted  to  the 
examination  of  the  phaenomena  of  slaty  cleavage.  But  I  subjoin 
several  diagrams  to  convey  some  notion  of  the  physical  conditions 
of  these  most  instructive  quarries. 


NoTB.— In  Uw  abore  diu;nma  the  arrowa  below  the  baae  line  point  to  the  direction  of  the 
clesn^  planea  and  thoae  above  the  aection  to  the  bedding. 

Most  of  the  beds  show  spherical  concretions, — sometimes  filled 
with  an  earthy  ferruginous  matter  like  the  Derbyshire  rotten-stone  ; 
sometimes  in  the  form  of  septaria,  with  calcareous  veins.  In  these 
balls  are  found  a  few  ill-preserved  fossils,  such  as  Encrinite  stems, 
Gnaptolites,  corals,  and  Orthoceratites.  Mr.  Salter  has  identified 
one  Orthoceratite  with  O.  mbflexuosum  of  Miinster.  Of  Graptolites 
there  are  probably  two  very  nearly  allied  species, — one  is  G.  lu- 
denm.  Among  the  corab  is  FavosUes  cUveolaris  and  a  Ct/atAo- 
pkpllum. 

4  i*  To  the  description  of  the  coarse  upper  slates  I  have  little  to 
add  to  the  details  before  given.  Many  parts  of  it  can  hardly  be 
distioguished  from  the  preceding  group.  It  contains  numerous  con- 
ciietionary  balls,  with  GraptoUUs  ludensis  and  corals  like  those  of 
the  preceding  sub-group  (y).  It  also  contains  (though  rarely^  Car- 
dkda  intenrupiOf  as  is  stated  in  the  published  abstract  of  my  n>rmer 
paper.  The  previous  descriptions  apply  only  to  the  country  of 
Low  Furness.  To  assist  in  making  them  understood  I  here  give 
two  sections, — one  from  the  Coniston  limestone  at  the  south-west 
end  of  Cumberland,  thence  across  the  Duddon  estuary,  and  over 
the  hills  of  Furness  to  the  sea  near  Ulverslon  (see  diagram  5). 
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5.  MiLLAM,  through  Duduon  Sands  to  the  sea  near  Ulvbrstoti  *. 
N.  '  .  S."' 

MiUam.  Duddon  Sands.  Oamotherly.  UlrerstoQ. 


The  other  section  (No.  6)  commeDces  with  the  same  limestone,  and' 
crosses  the  sands  about  two  points  of  the  compass  farther  towards 
the  south,  so  as  to  reach  the  south-east  shore  on  the  south  side  of  a 
great  fault  or  contortion  which  has  repeated  the  Coniston  limestone 
in  High  Haume  near  Dalton. 

0.  MiLLAM  through  Duoooi*  Sands  to  Dalton. 
MiUam  Park.  Duddon  Sanda.        High  Haume.  Dalton. 


The  preceding  descriptions  apply  to  the  group  No.  4  (a,  /3,  y,  6), 
as  developed   in   Furness ;  and  the  aggregate  thickness   is   very 
great — certainly  several  thousand  feet.     If  the  section  were  pro- 
longed across  Leven  Sands,  over  the  hills  to  Cartmell,  it  would 
probably  bring  in  still  higher  beds.     All  the  accidents  of  structure 
are  however  repeated,  and  are  precisely  like  those  on  the  Ulverston 
side  of  the  Sands.    Again,  it  is  easy  to  make  a  section  farther  north 
from  the  Coniston  limestone  down  Russland  to  Newby  Bridge,  and 
thence  as  far  as  Lindal.     The  lower  part  of  such  a  section  would  ■ 
give  the  groups  1,  2,  3,  4,  in  great  perfection  and  clearness,  and 
would  cross  three  distinct  lines  of  porphyry  dykes ;  and  near  Newby 
Bridge  the  section  would  terminate  in  some  part  of  the  group  4  9.'' 
This  last  part  of  the  series  has  however  very  few  fo-ssib,  but  In  tfce- 
abstract  before  referred  to  I  have  already  mentioned  Cardiaia  m**  • 
terrupta.     Starting  with  this  section  the  strike  is  north-^ast;  61- 
Newby  Bridge  the  strike  is  various,  and  the  masses  are  enormously 
shifted  at  the  intersection  of  three  valleys.    The  prevailing  strike  te 
about  N.N.E.  or  north  by  east ;  thence  passing  over  the  ridge  to 
Lindal  there  are  perhaps  twenty  anticlinal  and  syuclinal  lines;    Ai^ 
AUithwaite  the  chain  is  broken,  and  beyond  that  i^illage,  down  to 
Lindal,  the  strike  becomes  north  by  west  or  N.N.W.     I  conceive  it' 
therefore  almost  impossible  to  connect  this  end  of  the  section  cor- 
rectly with  any  section  from  Coniston  down  Russland  to  the  foot  of 
Windermere.    Still,  on  the  whole,  the  sections  are  in  the  ascending 
order  towards  the  south-east,  and  we  gradually  reach  the  upper 
limits  of  No.  4. 

•  *  It  is  proper  to  ^tate  that  in  this  and  some  of  the  other  diagrams  iUustratinc 
the  present  memoir,  the  appeanuice  of  a  want  of  conformability  ^,g,  between  4p 
aD<i  4  y  iupra)\M  an  error  vtk  the  engraving.  AU  the  bedt,  from  No.  1  to  No.  5  in- 
donve,  are  in  Alei  eonfohnahle  throughont  the  tfittrict. 

i2 
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Nor  IB  this  the  only  difficulty.  From  the  absence  of  the  calca- 
reous band  (4  /3),  all  the  subordinate  groups  are  packed  in  one  mass  ; 
and  the  impress  of  slaty  cleavage,  notwithstanding  the  extraordi- 
nary contortions  and  dislocations,  affects  them  all.  These  cleavage 
planes  strike,  in  almost  undeviating  lines,  through  all  the  compli- 
cated curves  and  broken  masses,  in  a  direction  on  the  average 
within  a  point  of  magnetic  east  and  west.  In  the  Ireleth  ridge  the 
cleavage  planes  hang  toward  magnetic  south ;  but  further  north,  the 
9ame  planes  (nearly  with  the  same  strike)  hang  within  a  point  of 
magnetic  north,  generally  inclining  towards  true  north.  I  think  these 
phaenomena  theoretically  important,  and  I  hope  to  return  to  them  in 
a  future  communication. 

These  reasons  are  sufficient,  mineralogically,  for  grouping  to- 
gether all  these  slaty  masses  over  the  hard  grits  (No.  3).  Neither 
do  the  fossils  indicate  the  expediency  of  any  further  subdivision 
under  the  name  of  Windermere  rock,  or  any  other  local  name. 
The  more  slaty  masses  out  of  which  roofing-slate  is  extracted,  may 
in  a  general  way  follow  particular  zones,  but  they  are  not  continu- 
ous, and  I  believe  they  often  shift  their  parallels.  This  is  the  case 
in  the  older  Cumbrian  slates,  and  also,  I  believe,  in  the  group  I  am 
describing  (No.  4  y).  Still  we  may  in  an  approximate  way  follow 
on  the  strike  the  lower  slates  (4  a),  and  the  higher  (4  y).  The 
latter  I  would  place  near  the  foot  of  Coniston  Water,  and  thence 
across  Hawkshead  valley  to  the  shore  of  Windermere,  a  little  below 
the  Ferry.  This  is,  I  think,  nearly  the  range  given  in  Mr.  Sharpens 
last  abstract.  But  if  this  be  true  it  follows  that  the  slaty  beds 
extending  to  Latterbarrow  must  represent  the  group  (4  a). 

7.  SecTio?f  from  Seblwitu  Common  to  Windbrmerb. 
N.N.W.  E.S.E. 

Skdwith  Windermere 

Common.  Br»tluiy.  Latter  barrow.  Ferry. 


Now  in  this  group  we  have  fossils ;  and  in  some  bands  on  the  right- 
hand  of  the  road  from  the  Ferry-house  to  Hawkshead,  we  find 
several  species  of  fossils,  and  the  Terehratu/a  navicula  in  vast 
abundance.  I  do  not  contend  that  the  bands  with  T.  ncmcula 
exactly  represent  (4  /3)  or  upper  limestone ;  neither  would  I  bring 
them  into  exact  comparison  with  the  Aymestry  limestone  of  Siluria. 
The  comparison  would  be  too  wiredrawn  to  be  of  any  use ;  and,  by 
like  reasoning,  we  might  prove  the  existence  of  three  or  four  bands 
of  Aymestry  limestone  on  different  geological  parallels.  Following 
the  several  groups  along  the  line  of  strike  over  Coniston  Water  and 
Windermere,  and  thence  through  an  undulating  country  of  singu- 
larly contorted  strata  into  the  valleys  of  Kentmere  and  Long  Sled- 
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dale,  and  to  Bannisdale  Foot,  on  the  road  from  Kendal  to  Shap,  we 
have  repetition  upon  repetition  of  the  same  phaenomena.  None  of 
the  groups  die  away ;  and  there  is  no  unconformable  overlap  (as 
has  been  stated)  whereby  the  highest  group  (4  ^),  under  the  name 
of  Windermere  rock,  is  made  to  pass  over  the  edges  of  the  older 
groups  a,  /3,  y.     The  hypothesis  is,  I  think,  positively  contradicted, 


N.W. 
Waufen  Pike. 


8.  Sbctiox  from  WANtrsLL  Pieb  to  Crooe  Mill. 
Troutheck.  Station. 


S.E. 
Crook  MUl. 


SUte  and  porphjrf . 

9.  Srction  through  Crook  and  Undkrbarrow  to  Kkmdal. 


N.W.  by  N. 


Ambleside 
Turnpike. 


Crook  Cb.    Underbar- 
rowCh. 


E.S.E. 
Kendal  FdL 


N.W. 


10.  Skctiok  from  near  BKOCGitToiv  to  UtviEiTON. 
Broughton. 


S.E. 
Sea  near 
nveraton. 


u         1        2  3  4a      4/3      4y  4^  7 

both  by  the  sections  and  the  groups  of  fossils.  I  cannot  describe 
this  complicated  region  in  detail ;  but  I  appeal  to  the  accompanying 
seeUons  7, 8,  9, 10,  and  to  the  list  of  fossils  published  in  the  abstract 
of  my  paper  before  referred  to*.  Beyond  Bannisdale  we  become  en- 
tangled among  a  series  of  undulations  and  breaks  connected  with  the 
disturbances  on  the  eastern  side  of  the  great  fault  of  the  Lune,  which 
will  be  described  presently.  I  may  also  here  refer  to  the  coloured 
map  of  Westmoreland  t*  The  colours  are  meant  to  illustrate  this 
paper,  but  the  phaenomena  are  only  local.  Were  I  employed  in 
colouring  a  geological  map  of  England  on  the  scale  of  that  by  Mr. 
Greenough,  I  should  still  use  one  simple  colour  for  the  whole  series 
of  four  groups.  No.  1  having  a  distinct  colour,  as  it  would  I  think  be 
impossible  to  follow  these  subdivisions  from  one  county  to  another  in 
the  subordinate  details,  so  as  to  lay  them  down  on  a  map,  however 
great  the  scale. 

*  Journal,  amie  eit,  vol.  i.  p.  442  et  teq, 

t  Presented  to  the  Geological  Society. 
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5.  Upper  Slate  of  Kendal  and  Kirkhy  Moor, — This  group  is  di- 
vided into  three  sub-groups,  5  a  surmounted  by  5  h^  and  5  h  ternai- 
nating  in  the  ascending  order  with  a  red,  grey  and  greenish  flag- 
stone (5  <?),  overlaid  by  conglomerate  of  the  old  red  sandstone. 

(5  6r.) — The  lower  subdivision  is  ill-defined,  especially  at  its  lower 
extremity,  because  it  forms  a  passage  (both  in  its  mineral  structure 
and  its  fossils)  into  No.  4.  If  we  commence  near  the  ridge  (above 
alluded  to  at  Lindale),  and  cross  the  marshes  to  the  great  outlier  of 
Witherslack  (mountain  limestone) ;  or  if  we  cross  from  Underbar- 
row  by  the  turnpike-road  to  the  great  limestone  outlier  of  Kendal 
Fell ;  or  lastly,  if  we  start  from  Bannisdale  Foot  from  an  ill-defined 
base  affected  by  the  great  troubles  of  the  Lune,  in  each  of  these  cases 
we  cross  the  several  beds  of  the  sub-group  5  a. 

The  lower  beds  are  affected  by  slaty  cleavage,  but  among  them 
occurs  the  Terebratula  navicula.  The  upper  beds  are  less  and 
less  slaty,  and  contain  so  many  fossib  of  the  well-defined  upper 
group  between  Kendal  and  Kirkby  Lonsdale,  that  my  friend  Mr. 
Salter  could  hardly  make  out  any  palaeontological  difference  between 
this  group  (5  a)  and  the  upper  (5  b).  But  considered  in  its  details, 
there  is  a  difference.  The  upper  part  wants  the  hard  micaceous 
gray  and  greenish-gray  sandstones  with  the  species  of  large  Avicula^ 
Cyprioardiay  &c. ;  and  it  contains  abundantly  several  fossils,  such  as 
AsieriaSj  Ophiura,  &c.,  very  rarely  if  ever  found  in  the  hills  between 
Kendal  and  Kirkby  Lonsdale. 

The  best  illustration  of  this  ill-defined  sub-group  is  between  Un- 
derbarrow  and  Kendal  Fell,  and  I  hope  hereafter  to  describe  this 
section  in  more  detail  (see  ante  fig.  9).  It  is  enough  for  my  present 
purpose  to  mention  the  following  facts. 

1.  Commencing  at  Underbarrow  among  the  faulted  beds  of  the 
valley,  we  have  slate  and  flag,  with  a  rude  cleavage  whose  direction 
is  magnetic  north.  In  this  series  is  Terebratula  navicula.  This 
species,  counting  from  the  beds  north-east  of  Windermere  Ferry, 
must  therefore  have  a  very  great  vertical  range.  These  beds  ter- 
minate in  ascending  order  near  a  farm  called  High  Thorns. 

2.  A  thin  bed  with  Asterias  (six  or  seven  feet),  above  which  the 
Tirebratula  navicula  is  not  found.  [Here  is  the  last  apprarance  of 
Tkirbinalopsis,'] 

3.  Flags,  siier  bate  (t.  e.  without  cleavage),  some  red  calcareous 
bands  with  very  many  fossils.  Many  Trilobites  (one  like  Calymene 
Bhtmenbachiu) 

4.  Striated  hard  grits  and  sheer  bate  flags,  with  many  fossils  like 
those  under  the  great  Avicula  beds  of  Benson  Knot,  on  the  north 
side  of  the  Kent 

The  Asterias  beds  (No.  2  of  this  section)  are  found  at  Docker 
Park,  in  the  beds  under  Benson  Knot,  in  the  valley  above  Kendal 
near  Redman  Tenement,  and  in  the  Sprint  rivulet  about  a  mile  be- 
low the  Tenement  Here,  therefore,  we  have  a  passage  into  the 
upper  and  higher  sub-group  5  b. 

(5  h.) — Respecting  this  group  there  has  been  no  difference  of 
opinion.    It  must  be  nearly  on  the  parallel  of  the  Upper  Ludbw,  and 
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ifc  ends  near  Kirkby  Lonsdale  with  a  tilestone  (5  c),  the  upper  part  of 
which  (on  the  banks  of  the  Lune)  contains  red  calcareous  concretions, 
immediately  under  Red  Scar  (old  red  sandstone).  The  map  and  the 
accompanying  section  (diagram  11)  will  explain  the  manner  in  which 


11.  Sfxtiox  from  Ksndal  toCASTSBTON  Fkll*. 

Lune  R.       Catterton  Fell. 


SJS^. 


Fault*. 


Faults. 


Fault.    Craven  Fault. 


this  formation  has  been  shattered  into  vast  fragmentary  masses.  The 
collocation  of  the  masses  can  only  be  explained  by  the  interference  of 
two  or  more  lines  of  dislocation.  But  among  all  these  dislocationa, 
we  may  often  trace  the  rudiments  of  the  original  north-east  strike 
of  the  Lake  mountains.  As  far  as  I  know  the  sections,  no  older 
beds  are  brought  up  between  Kendal  and  Kirkby  Lonsdale.  I  have 
not  at  Lupton  Fell,  or  anywhere  else  in  this  district,  seen  a  trace  of 
the  groups  of  (No.  4) :  all  here  is  Upper  Ludlow.  I  may  here  call  at- 
tention to  a  patch  of  mountain  limestone  (at  High  Bendrigg)  which 
has  been  laid  bare  by  the  bursting  of  the  canal  reservoir,  and  is  a 
striking  instance^  of  the  vast  denudations  and  convulsions  which 
have  affected  this  singularly  broken  region.  A  large  list  of  fossils 
obtained  from  this  sub-group  has  already  been  given,  and  I  could 
now  add  considerably  to  it.  In  one  word,  then,  the  whole  fossil ife- 
rous  series  above-described  begins  with  rocks  of  the  Lower  Silurian 
type,  which  are  only  a  few  hundred  feet  thick  (200  or  300  feet  on 
tbe  average,  and  600  feet  at  the  maximum),  of  the  age  of  Llan- 
saintfTraid  and  Mathyrafal  beds,  and  these  are  not,  as  I  once  supposed, 
on  the  parallel  of  the  Bala  limestone.  All  the  other  rocks  are  Upper 
Silurian,  and  there  is  no  unconformable  overlap  of  Windermere 
rocks  to  be  distinguished  from  the  general  series  from  No.  ^  up  to. 
No.  5.  The  subdivisions  of  the  groups  do  not  resemble  those  of 
Siluria,  neither  does  the  minute  arrangement  of  the  species;  but 
there  is  a  general  resemblance  amongst  the  species  and  Upper  Siluria 
and  Westmoreland,  which  considered  as  one  great  group,  are  almost 
identical,  and  both  end  with  the  same  miuend  type,  vis.  a  red  flag- 
stone or  tilestone. 

Lastly,  the  development  of  the  Upper  Silurian  series  (not  resem- 
bling that  observed  in  Siluria)  does,  on  the  other  hand,  resemble  that 
in  South  Wales,  nine-tenths  of  the  higher  slate  mountains  of  which, 
I  doubt  not,  will  prove  Upper  Silurian. 

*  In  this  diagram  the  nnmber  (5)  refers  to  the  upper  sub-groap  (5  b),  and  the 
lines  prqjecting  beyond  the  outline  of  the  section  represent  the  faults.  The  num- 
ber 8  r^ers  to  the  great  limestone  shale  (*  Toredale  series'  of  Phillips),  and  num- 
ber 9  to  the  lowest  millstone  grit. 
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§  S.  Structure  of  the  Mountain-chains  of  Howgill,  Ravenstonedale 
and  Middleton,  on  the  east  side  of  the  Valley  of  the  Lune, 

I  will  not  here  detain  my  readers  with  any  account  of  the  pictu> 
resque  features  of  these  beautiful  mountain-chains,  or  my  rambles 
through  their  defiles  and  precipices.  The  great  undulations  of  the 
dittrict  are  among  the  most  remarkable  I  have  ever  studied  ;  and  I 
would  also  refer  to  that  break  of  the  strata  which  ranges  up  the  val- 
ley of  the  Lune,  and  in  the  upper  part  of  the  valley  deflects  towards 
the  north-west,  and  is  connected  with  a  great  trouble  which  brings 
up  the  hard  grits  (No.  3)  at  Whinfell  Beacon. 

The  great  difficulty  among  these  extraordinary  undulations  is  to 
find  a  true  geological  base-line  on  which  we  may  construct  a  regular 
and  consistent  system.  Indications  of  such  a  base-line  I  have  already 
pointed  out  in  my  former  paper ;  viz.  the  appearance  of  Lower  Silu- 
rian fossils  near  the  range  of  the  great  Craven  fault  through  the 
valley  of  Dent.  A  careful  examination  of  the  whole  fault,  and  of 
the  slate  rocks  near  it,  enables  me  now  to  state  that  there  is  a  good 
base-line  nearly  all  along  the  eastern  skirts  of  the  troubled  district, 
that  base  being  the  Coniston  limestone  (No.  1).  The  evidence  will 
be  best  understood  by  sections. 


12.  Section  above  Inglkton. 


Ingleton. 


This  section  unfortunately  gives  us  no  fossils* 


13.  Srctiox  in  the  Vallby  or  Dknt,  from Riskll  and  Hblmsgill  to  Middlktok  Fklls,  &c. 
N.E.  S.W. 

ITelms  Knot.  Dent.  Middlcton  Fell. 


Cnven  Fault. 

8,  limestone  shale. 

7.  Mountidii  limestone  showing  the  passage  of  the  Cia?en  fault. 

4.  Slate,  &c.  of  Hiddleton  Pdl. 

8.  Hard  grits— at  bottom  passing  into  flagstone,  and  with  many  specimens  of  Cardiola  inter- 
mpta  and  GraptoUten  ludenti* ;  together  with  three  species  of  OrthoceratUei,  Spirorbi*  LeteUiit 
Aheolites,  &c. 

5.  Calcareous  flagstone  with  GrapMUei  ludentii  and  Cardiola, 

1.  Shale  and  limestone  with  fine  series  of  Coniston  foeals  intersected  by  porphyry  dykes. 

*  The  Craven  fault  must  pass  somewhere  between  the  two  masses  of  mountain 
Umtstone  to  the  extreme  left  and  extreme  right  of  the  section,  but  its  exact  place 
is  not  laid  bare. 
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14.  Section  from  the  higher  put  of  the  Vallfy  or  Sidbbbgh,  over  Cautlbt  Fblls  to 
Ravenbtonbdalb. 


Great  CrBren  Fault. 

8.  Limestone  shale  orerlaid  by  millstone  g^t. 

7.  Mountain  limestone  broken  by  the  Craven  fimlt. 

4.  Contorted  slates,  &c.,  ending  with  old  red  (6)  and  mountain  limestone  of  Ravenstonedale*. 
3.  Hard  grits. 

5.  Flagstone  with  Graptolitea :— Orthoceratite  witld  an  encrusting  coral. 

1.  Calcareous  slates  and  limestone  with  fossils.  A  little  above  the  line  are  manv  porphyry 
dykes,  and  farther  on  the  strike  of  the  same  beds,  a  magnificent  series  of  Coniston  fossUs,  peiiutps 
the  Tidiest  deposit  of  this  age  in  the  north  of  England. 

These  are  instructive  sections,  and  tell  a  very  plain  story.  They 
enable  us  also  to  interpret  other  sections,  which  might  be  considered 
doubtful  and  obscure  without  their  help. 


N. 


15.  Gre^  North  and  South  Section  from  Tbbay  to  Cabtbbton  Fell. 

Borrow 
Tebay.  Br.  Sedbergh.     Dent. 


Barbon 
Beacon. 


Casterton    S. 
FeU. 


From  this  section  it  appears  that  the  Coniston  grits  (3)  and  Ire- 
leth  folates  (4)  are  repeated  by  great  undulations.  In  one  spot  the 
calcareous  fla^g  (No.  2)  (with  Graptolites  ludensis)  makes  its  appear- 
ance ;  and  the  whole  series  at  the  north  end  is  overlaid  by  old  red 
conglomerate  (6)  and  mountain  limestone  (7). 

In  the  grits  (No.  3)  of  Casterton  Fell  are  OrthoceratUes  subundu- 
kUuSy  O.  Ihexy  and  Cardiola  interrupta. 

In  the  slates  of  Middleton  Fell  and  Howgill  Fell  (No.  4)  are 
AviciUay  a  small  species;  OrihoceratUes  stdnindtUatuSy  a  coral  re- 
sembling Montictdaria  and  Alveolites  Jibrosa, 

16.  Great  connecting  Section  from  the  Shap  Geanite  to  Bavgh  Fell  above  Sedbbbqb. 


N.W, 


4.  Ireleth  slate  series. 

3.  Coniston  pit. 

8.  Coniston  flag  much  indurated  near  the  granite. 

A.  Shap  granite  throwing  veins  into  No.  2. 

*  At  the  Md  of  the  slate  series  (4)  hi  Ravenstonedtle  OdyvMm  (Dowi%fci?) 
occurs. 
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The  uorth-west  end  of  this  section  which  passes  through  Nos.  2, 
3  and  4  of  the  tabular  section  (see  page  108),  is  intersected  by  three 
or  more  porphyry  dykes ;  and  at  its  south-east  end  it  traverser  the 
Howgill  range,  and  descends  into  the  valley  above  Sedbergh  through 
the  beds  described  in  section  14.  The  whole  country  through  which 
these  sections  pass  is  extraordinarily  faulted  and  contorted,  and  the 
higher  elevations,  which  are  traversed  by  numerous  porphyry  dykes, 
exceed  two  thousand  feet.  Among  the  valleys  indenting  Howgill 
Fells  is  some  wild  and  noble  scenery,  with  two  of  the  finest  water- 
falls in  the  north  of  England  Thus  it  appears,  that  in  the  remark- 
ably contorted  chains  east  of  the  great  Lune  fault,  we  have  No.  1,2, 
3  and  4  of  the  tabular  section  in  regular  order,  and  that  no  higher 
rocks  appear  in  the  chains,  which  at  both  ends  are  overlaid  by  the 
conglomerates  of  the  old  red  sandstone  and  by  mountain  limestone. 


January  21,  1846. 

Alfred  Tyler,  Esq.,  and  Bland  Hood  Galland,  Esq.,  were  elected 
Fellows  of  the  Society. 

The  reading  of  Professor  Sedgwick's  communication  was  resumed 
and  completed. 

Part  II. 

The  former  part  of  my  paper,  containing  numerous  detailed  sec- 
tions, did  not  include  the  conclusions  I  wished  to  draw  from  them. 
I  there  described  the  whole  series  of  fossiliferous  slates  extending 
from  the  Coniston  limestone  to  the  valley  of  the  Lune,  as  subdivided 
into  five  primary  groups,  viz. : — 

5.  Upper   Ludlow   rocks,    including   tilestone,    extending   from 

Kendal  to  the  banks  of  the  Lune,  near  Kirkby  Lonsdale. 
4.  Ireleth  slcttes^  divided  into  four  sub-groups  (a,  /3,  y,  o). 
3.  Hard  gritty  beds  approaching  a  conglomerate  form,  with  sub- 
ordinate slaty  masses,  having  numerous  spherical  concretions 
arranged  parallel  to  the  beds.     Fossils  rare,  but  of  Upper 
Silurian  species. 
2.  Coniston  or  Brathay  flagstone^  having  Upper  Silurian  fossils, 
and  developed  to  a  thickness  roughly  estimated  at  1500  feet 
The  mineral  structure  almost  identical  with  that  of  the  flag- 
stones of  the  Upper  Silurian  rocks  of  Sir  R.  Murchison,  and 
yet  more  nearly  resembling  the  Lower  Denbigh  flagstones 
of  North  Wales. 
1.  Coniston  limestone  and  calcareous  slate  having  Lower  Silurian 
fossils. 

Respecting  the  upper  part  of  the  great  formation  of  the  Ireleth 
slates  (No.  4 1)  there  is  no  difference  of  opinion,  as  it  contains  several 
well-known  Lower  Ludlow  fossils,  and  has  already  been  compared. 
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in  a  general  way,  both  by  Mr.  Sharpe  and  myself,  with  the  Lower 
Ludlow  rocks.     It  forms  a  part  of  his  Windermere  rocks. 

I  formerly  considered  the  three  lower  sub-groups  (4  a,  4  /3,  4  y) 
as  Lower  Silurian ;  but  I  did  so  before  I  had  re-examined  the 
country  (the  most  important  part  of  which  I  had  never  seen  since 
1822),  and  I  was,  I  believe,  misled  by  confounding  the  High  Haume 
limestone  (south  of  the  Duddon)  with  the  upper  calcareous  band 
(4/3).  I  need  not  repeat  what  I  have  before  stated  on  this  head; 
but  as  Mr.  Sharpe  still  appears  to  adhere  to  the  supposition  that  these 
three  lower  sub-groups  are  Lower  Silurian^  I  have  lately  re-exa- 
mined my  fossil  evidence,  as  well  as  my  field  sections ;  and  I  adhere 
to  my  previous  conclusions.  In  the  first  place,  there  is  no  evidence 
of  any  unconformable  overlap  (as  stated,  if  I  mistake  not,  in  Mr. 
Sbarpe's  paper,)  among  the  beds  of  the  four  sub-groups,  and  they 
form  one  unbroken  continuous  mass.  And  in  the  second  place,  the 
fossils  of  the  four  sub-groups  compel  us  to  class  them  all  as  one 
formation — nearly  on  the  parallel  of  the  Lower  Ludlow  rocks. 
The  fossils  of  the  rocks  north  of  the  Ferry  House  at  Windermere 
have  been  re-examined  by  my  friend  Mr.  Salter;  several  large  fos- 
siliferous  masses  which  I  brought  away  from  these  rocks  have  now 
been  broken  up,  and  the  following  is  the  list  of  fossils  Mr.  Salter 
has  derived  from  them. 

LUt  of  Fossils  from  the  Rocks  north-east  of  the  Ferry  House. 

1.  EncriniieSy  one  or  two  species.     One  remarkable  undescribed 

species  also  found  in  the  valley  of  the  Kent  above  Kendal, 
just  under  the  Upper  Ludlow  rocks. 

2.  Fragments  of  a  Calymene. 

3.  Turbo  carinatus  or  coraUii. 

Turbo?  like  a  species  in  the  Upper  Ludlow  of  Kirkby  Moor. 
Turritella  obsokta. 

conica, 

Terebratula  semisulcala  ( T.  lacunosa  of  the  Ludlow  rock  in 

the  *  Silurian  System  *). 
Orthis  orbicularis. 

lufiata. 

LepUtna  lata. 

Nuculuy  resembling  N.  ovata. 

Here  are  twelve  species — none  of  which  are  known  Lower  Silurian, 
and  eight  of  which  are  known  Upper  Silurian  species.  And  to  this 
list  we  may  add  Terebratula  navicular  obtained  from  the  inunediate 
neighbourhood.  It  appears  therefore  that  there  is  no  room  for 
doubt ;  for  these  fossiU  are  all  derived  from  the  lower  part  of  the 
great  group  (No.  4). 

It  was  however  stated  that  the  upper  limestone,  near  Coniston 
Water-foot,  contained  Lower  Silurian  fossils ;  and  the  authority  of 
Mr.  J.  Marshall  was  appealed  to.  Now  I  examined  this  part  of  the 
country  during  last  summer  in  company  with  Mr.  J.  Marshall,  and 
I  venture  to  affirm  that  he  did  not  show  me  a  single  Lower  Silurian 
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foflail  in  this  upper  limestone ;  neither  did  he  appear  to  have  ever 
seen  any.  In  quoting  his  authority  there  must,  therefore,  have  been 
some  mistake.  Of  the  singular  High  Haume  limestone  I  may  just 
remark — that  it  is  mineralogically  unlike  this  upper  limestone — that 
it  is  associated  with  a  different  series  of  rocks — that  it  contains  a 
distinct  series  of  fossils  (viz.  I^ower  Silurian),  and  that  it  is  not  on 
the  line  of  strike  of  the  upper  limestone.  But  if  we  endeavour  to 
identify  the  two  limestones,  (as  I  did  myself  in  1822,  before  I  had 
studied  the  structure  of  the  neighbouring  country,  or  knew  the  fos- 
sils,) what  then  follows  ?  That  through  a  thickness  of  not  less  than 
4000  or  perhaps  5000  feet,  there  is  an  utter  confusion  of  Upper  and 
Lower  Silurian  types.  I  do  not  accept  this  conclusion  :  and  I  have 
now  gone  over  the  reasons  for  the  classification  I  adopted  in  1 844, 
and  confirmed  by  my  examination  of  the  same  country  in  1845. 

I  next  examined  the  rocks  of  Ravenstonedale,  Howgill  Fells,  and 
Middleton  Fells.  Their  geological  base  is  formed  of  a  calcareous 
slate  with  impure  beds  of  limestone,  which  in  two  or  three  places 
(especially  Helmsgill  in  Dent,  and  Ravenstonedale,  above  Rother 
Bridge,)  contain  many  fossils.  I  collected  in  about  an  hour  at  one 
small  quarry  in  Ravenstonedale  not  less  than  twenty-five  or  thirty 
species*.  From  the  very  near  agreement  of  these  with  Coniston 
limestone  (Lower  Silurian)  fossils,  we  have  a  true  geological  base- 
line for  the  contorted  region  of  Howgill  Fells,  and  we  have  no  lower 
rocks  brought  up  in  that  mountainous  region.  Were  these  rocks  of 
Ravenstonedale  by  themselves,  and  dissociated  from  the  upper 
groups,  there  might  perhaps  be  some  doubt  of  their  exact  age. 
But  they  pass  upwards  into  the  most  characteristic  Coniston  flags, 
with  Grapiolites  Ittdensis  and  CardioJa  irUerrupia ;  and  these  flags  are 
ID  their  turn  surmounted  by  the  hard  grits  (2)  and  the  Ireleth  slate 
(4).  Hence  the  Howgill  Fell  system  is  only  a  repetition  of  the  four 
lowest  groups  on  the  north-west  side  of  the  great  fault  of  the  Lune, 
folded  over  and  over  again  by  vast  local  undulations ;  and  hence  also 
it  follows  that  the  highest  rocks  of  the  Westmoreland  series  occur  in 
m  kind  of  irregular  hollow  or  basin,  with  older  rocks  expanded  along 
their  whole  eastern  extremity :  but  there  is  no  direct  and  unequi- 
Tocal  proof  of  any  want  of  conformity  in  any  part  of  the  series  till 
we  reach  the  old  red  sandstone  and  the  carboniferous  limestone. 

*  Mr.  Salter  has  given  me  the  following  extract  firom  his  list  of  these  fossils : — 

Orthit  Aetonim. 

JUibeUtUum. 

eleganhUa  (formerly  0.  canalu), 

altemata,  ic. 

like  O.  Peetm  (repeated  at  Coniston). 

Leptana  tramvertaUs, 

depreua, 

AU  the  above  are  known  Coniston  fossils.  The  Ravenstonedale  list  also  resembles 
the  Coniston  in  the  rarity  or  absence  of  certain  fossils  which  abound  at  Bala,  e.  g. 
Orthit  vetperiUiOt  LepttBna  tenuUtriaiai  Crania  eatemUata,  and  a  new  species  of 
Orthis.  To  these  may  be  added  some  peculiar  species  of  univalves  and  six  or 
seven  species  of  bivalves  which  occur  neither  in  the  Caradoc  of  Sir  R.  Murchison 
nor  in  the  Coniston  limestone. 
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The  anomalous  position  of  the  masses  has  been  probably  caused  by 
great  faults  and  partial  dislocations.  I  here  subjoin  a  comparative 
view  of  the  fossils  in  the  Upper  and  Lower  Silurian  rocks  of  the 
country  here  described. 

Comparative  view  of  the  Fossils  in  the  Upper  and  Lower  SUurian 
Bocks  of  Westmoreland. 

QfjLgg.                         Soedei  peculiar  to  Common              Species  peculiar  to 

Upper  Silurian.  species.  Lower  Silurian. 

Pisces    3?          ...  —  ...  — 

Cephalopoda 17            ...  1  ...  3 

Gasteropoda,  Pteropoda,&c     17  1?  ...  2 

LameQibranchiata 34            ...  —  ...  — 

Brachiopoda 15            ...  2  ...  19 

Tonicau    2            ...  —  ...  1 

Crustacea    5            ...  1  ...  11 

Annelida  4            ...  —  ...  3 

Echinodennata 4            ...  —  ...  2 

ZoophyU  7            ...  5  ...  11 

Total  peculiar  to  Upper  S.   108  ...  10  ...  52 

—  common  species   10 

—  peculiar  to  Lower  S.  >  52 

"7^  -L^'ftn*"*    ^^n  .^.nip.  /">  North  Walea  and 
170  +  180  =  6o0  species  <      \r^^^r^^^\,^A 
To  these  may  be  added  from  other  locaUties  \ , .  ^  ^^.^   ^     westmorelano. 

about |150  8peqes. 

Probable  total  of  British  Silurian  species  \  ^nr^ 
described jouu- 

When  it  is  considered  what  a  fossil  impress  is  given  to  these  old 
rocks  by  the  Cephalopoda,  Gasteropoda,  Lamellibranchiata  and 
Brachiopoda,  and  that  of  these  four  families  we  have  eighty-three 
species  in  the  Upper  Silurian  rocks,  and  twenty-four  in  the  lower, 
and  only  three  species  in  common,  the  list  shows  a  most  marked  dif- 
ference between  the  two  systems.  On  the  whole,  the  list  indicates 
a  progress  towards  a  higher  organic  structure  as  we  ascend  from 
the  lower  to  the  upper  rocks.  Again,  the  Crustaceans  peculiar  to 
the  old  rocks  began  in  the  earliest  time,  reached  their  maximum  of 
development  at  a  very  early  period,  and  then  began  to  decline,  so 
as  not  to  pass  the  carboniferous  epoch.  Lastly,  I  may  remark  that 
the  difference  indicated  in  the  list  between  the  Upper  and  Lower  Si- 
lurian fossils  of  the  Lake  mountains  is  probably  greater  than  will  be 
found  true  on  further  examination ;  because  most  of  the  fossils  have 
been  derived  from  the  two  extremes  of  the  general  section,  viz. 
No.  1  and  No.  5  of  the  tabular  list,  the  intermediate  parts  not  having 
been  so  well  explored  by  the  fossil  collectors. 

In  confirmation  of  the  preceding  view,  I  subjoin  another  interest- 
ing table,  supplied  by  Mr.  Salter  from  Sir  R.  Murchison's  descriptive 
lists. 

*  Several  new  species  have  been  discorered  since  this  list  was  made  out. 
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Spnopsis  of  the  Silurian  fomls  as  given  in  Sir  R.  Murchison'sWark, 
Of  267  species  of  MoUuaca  and  Articulata  described  from  the  Silurian  rocks, 
106  are  found  in  the  Ludlow  series,  and  83  are  peculiar  to  it. 

55  „  Wenlock  limestone,     „   30  „ 


41 

i» 

Wenlock  shale, 

„   21 

75 

ft 

Caradoc, 

»   40 

39 

f> 

Llandeilo  flags, 

M    15 

Species  common  to  the  various  parts  of  the  series  in  the 

Ludlow. 

Wenlock 
Umestone. 

Wenlock 
sh»le. 

Caradoc. 

19 
^^2 

19 

15 

7 

15 
15 

i'o 

5 

2 

7 
10 

20 

1 

3 

5 

20 

Wenlock  limestone 

Wenlock  shale 

Caradoc 

Llandeilo  flag^-  -  - 

1          '         3 

Note. — In  this  synopsis  the  corals  are  rejected  as  too  widely  spread ;  the  Cri- 
noidea  as  being  imperfect,  and  therefore  difllcult  of  identification,  except  in  the 
Wenlock  limestone;  so  that  Trilobites  and  shells  only  are  taken  for  the  comparison. 

It  appears  from  the  other  tables,  that  out  of  fifty-five  species  in 
the  Wenlock  limestone,  nineteen  are  common  to  the  Ludlow  series 
and  fifteen  to  the  Wenlock  shale ;  and  that  out  of  forty -one  species 
in  the  Wenlock  shale,  fifteen  are  common  to  Lower  Silurians,  ten 
being  Caradoc  and  five  Llandeilo  species. 

6.  If  we  take  the  Wenlock  limestone  and  Wenlock  shale  together, 
we  have  only  sixty-four  species,  nineteen  in  common  with  Ludlow 
rocks  and  nineteen  with  the  Lower  Silurians ;  or  in  other  words, 
about  one-sixth  of  the  whole  Ludlow  series,  and  more  than  one- 
fourth  of  the  Lower  Silurians.  The  Wenlock  series  is  therefore 
truly  intermediate;  but  it  is  very  imperfectly  represented  in  the 
north  of  England  for  want  of  any  rich  bands  of  limestone  of  the 
Wenlock  age. 

To  the  comparisons  I  have  instituted  in  former  communications 
between  the  Upper  Silurian  series  of  Westmoreland  and  North  Wales 
I  have  little  to  add.  The  lower  part  of  the  Denbigh  flags  appears 
to  be  exactly  on  the  same  level  with  the  Coniston  flags  (No.  2),  and 
the  whole  development  of  the  Upper  Silurian  rocks  in  North  Wales 
(with  many  points  of  local  diflierence)  has  many  points  of  general 
resemblance.  The  sequence  in  Westmoreland  is  however  more  per- 
fect than  in  North  Wales,  and  in  neither  county  is  the  developmeht 
at  all  resembling  that  of  Siluria.  Beautiful  as  the  sequence  of  that 
county  is,  it  is  not  the  true  mineral  type  either  for  England,  Wales, 
or  Ireland.  As  a  general  rule,  I  believe  that  all  limestone  bands 
below  the  carboniferous  series  are  mere  local  phsenomena,  appearing 
at  intervals,  which  are  perfectly  irregular  in  countries  remote  from 
one  another.  This  remark  is  meant  to  include  Devonian  limestones, 
and  all  Silurian  limestones,  both  upper  and  lower,  and  many  other 
limestones  far  below  those  which  mark  the  beautiful  sections  of  Si- 
luria.  Hence  we  can  only  identify  large  subdivisions ;  and  any  at- 
tempt at  the  comparison  of  subordinate  parts  must  often  end  in 
positive  error.     Whether  this  remark  applies  to  the  older  rocks  of 
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North  America,  I  do  not  presume  to  judge ;  but  it  applies  to  the 
general  European  type  as  far  as  I  have  any  knowledge  of  it. 

South  of  the  Berwyn  chain  and  the  valley  of  the  Upper  Severn, 
the  comparison  of  the  Westmoreland  sections  with  the  Upper  Silu- 
rian rocks  is  more  difficult.  They  there  appear  partly  as  flagstones, 
but  more  generally  as  coarse  greywacke  and  greywacke  slate,  in 
vast  alternating  masses  thrown  into  continual  undulations.  These 
undulating  masses  run  far  towards  the  south,  and,  if  I  mistake  not, 
cover  very  large  tracts  of  the  higher  parts  of  South  Wales.  Mine- 
ralogically  they  are  almost  identical  with  the  hard  grits  (No.  3)  and 
the  Ireleth  slate  (No.  4)  of  the  sections  of  Westmoreland  and  North 
Lancashire.  I  formerly  identified  them  in  the  countries  above  men- 
tioned under  the  name  of  Upper  Cumbrian.  During  the  past  sum- 
mer, Mr.  Salter,  at  my  suggestion,  paid  a  visit  to  the  part  of  Wales 
last  indicated,  and  the  result  of  a  traverse  he  made  from  the  neigh- 
bourhood of  Builth  to  Aberystwyth  was  rather  negative  than  positive. 
He  found  hardly  any  fossils^  ;  and  he  was  thus  unable  to  separate  the 
great  series  of  undulating  strata,  including  Plynlimmon,  from  the 
undalatiDg  grits  and  slates  at  the  south  end  of  the  Berwyn  chain. 
This  was  what  I  expected,  and  what  I  had  before  affirmed  as  proba- 
ble; and  it  induces  mc  to  place  (at  least  provisionally)  all  the  Plynlim- 
mon system  among  the  Upper  Silurian  rocks  of  Sir  R.  Murchison ; 
and  I  believe  (though  I  must  acknowledge  upon  a  very  imperfect 
examination,  carried  on  only  during  a  few  days  in  1832)  that  the 
same  upper  rocks  extend  much  farther  south,  and  occupy  by  far 
the  greater  part  of  the  higher  regions  of  South  Wales ;  of  course  ex- 
cluding from  this  remark  the  country  of  the  Old  red  sandstone  and 
the  carboniferous  series.  But  how  reconcile  this  with  the  statement 
more  than  once  made  by  Sir  H.  De  la  Beche,  that  the  Llandeilo 
fiag  was  repeated  more  than  once  in  the  undulations  of  South 
Wales,  and  far  to  the  north  of  the  line  of  Landeilo  flag  drawn  on 
Sir  R.  Murchison*s  map?  The  answer  to  this  question  involves 
another — ^what  is  the  age  of  the  Llandeilo  flag  ? 

Sir  H.  De  la  Beche  has  stated  repeatedly  that  the  Asaphus  Buckii 
is  found  in  some  parts  of  South  Wales  among  Wenlock  shale  fossik : 
and  among  the  highest  beds  of  the  Caradoc  sandstone,  just  where 
at  Mathyrafal  it  passes  into  the  upper  flagstone,  Mr.  Salter,  in  the 
year  1843,  pointed  out  to  me  three  or  four  good  Wenlock  shale 
fossils,  which  also  occur  in  the  Llandeilo  flagf. 

♦  A  Lower  Silurian  Pleurotomaria  however  occurred  at  Dol-fkn. 

t  The  following  species  are  common  to  the  Mathyrafal  series  and  the  Llan- 
deilo beds : — 

OrthiM  lata.  Atrypa  len», 

Atrypa  crana,  Leptctna  traruversalU, 

fmdata.  sp.  n. 


The  following  are  common  to  Wenlock  and  Llandeilo  beds  : — 
Orikoceralitet  ntbJIeTuotum,  Leptana  euglypha. 

amiMJatum,  trmuoeraoHt, 

OrtAoeeraiite,  A  smooth  spedea  (s.  n.).     Cafymene  Bhummbackii^ 

LUuiiet  Corttu  Arieiis,  TVtttHcintf  CaractaeL 

LtfieeM  dqtreua.  ParmiiueUuUmmermmimt  &c.  &c. 
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At  the  time,  this  surprised  me  greatly ;  but  the  fact  is  quite  In 
harmony  with  the  statements  of  Sir  H.  De  la  Beche.  All  the  sec- 
tions of  the  Silurian  system  south  of  the  Severn  are  made  on  the 
hypothesis  that  the  mountains  on  the  north-west  side  of  the  lines  of 
section  are  older  than  the  Silurian  rocks.  Now,  as  a  general  rule, 
this  hypothesis  is  not  correct,  and  it  in  some  measure  vitiates  the 
base-lines  of  the  several  sections,  and  so  destroys  a  part  of  their 
meaning.  But  the  section  at  the  east  side  of  the  Befwyns,  ending 
with  Craig  y  Glyn,  is  appealed  to  by  Mr.  Murchison  as  proving  the 
low  position  of  the  Asaphus  Bitckii  and  the  Llandeilo  flag.  For 
several  years  1  myself  put  this  interpretation  upon  the  section  io 

Question.  But  since  a  doubt  has  arisen  about  the  age  of  the  Llan- 
eilo  fli^,  Mr.  Salter  has  re-examined  the  specimens  both  from 
Craig  y  Glyn  on  the  east  flank  of  the  Berwyns,  and  also  from  one  or 
two localites  near  Grat  Arrenig  and  in  the  Rhiulas  limestone;  and  he 
now  retracts  his  identification  of  any  of  the  fragments  with  Asaphus 
Buchii.  The  only  fragments  he  can  identify  belong  to  Asaphus 
tyrannuSy  which  certainly  has  a  very  low  range  among  the  fossili- 
ferous  slates.  The  evidence  therefore  supplied  by  my  sections  in 
North  Wales  gives  us  no  help  in  determining  the  age  of  the  Llan- 
deilo flag.  Mr.  Salter  also  examined  during  the  past  summer  one 
or  two  sections  of  the  Silurian  series  of  South  Wales.  I  cannot  give 
his  remarks  in  detail ;  but  I  may  state  the  result  of  them.  They  go 
to  prove  either  that  the  Llandeilo  flag  is  not  inferior  to  the  Caradoc 
sandstone  (e.g.  at  Builth),  or  that  it  is  associated  with  the  upper 
part  of  it,  a  part  containing  several  fossils  of  the  Wenlock  shale  or 
limestone.  Hence,  coupling  these  remarks  with  what  has  been  stated 
by  Sir  H.  De  la  Beche,  I  should  class  the  Caradoc  sandstone  and 
Llandeilo  flags  of  South  Wales,  the  Caradoc  sandstone  of  the  Mai- 
vems,  that  on  the  south-east  side  of  the  Berwyns,  and  lastly,  the 
fossiliferous  bands  of  Glyn  Ceiriog  and  Mathyrafal,  all  in  one  group, 
and  compare  it  with  that  of  the  Coniston  limestone ;  perhaps  in- 
cluding with  the  Coniston  limestone  also  the  Coniston  flags*.  If 
this  view  be  correct,  we  cease  to  be  surprised  at  finding  the  Llan- 
deilo flags  among  the  great  folds  and  undulations  of  the  Upper  Si- 
lurian rocks  of  South  Wales.  The  Calymene  Blumefibachii  ranges 
from  the  Ludlow  and  Wenlock  limestone  down  to  the  rocks  under 
the  Caradoc  sandstone,  &c.  The  Trinucleus  Caractaci  is  a  most 
abundant  Caradoc  sand  fossil,  yet  it  ranges  into  the  Wenlock  shales 
under  Wenlock  Edge  ;  and  were  I  to  seek  for  the  Asaphus  Buchii 

*  Of  45  species  of  Trilobites  and  shells  found  in  the  Llandeilo  flags — 

3  are  Wenlock  species  exclusively. 

10  common  to  Wenlock,  and  the  Glyn  Ceiriog  and  Mathyrafal  series. 
10  Mathyrafal  and  Glyn  Ceiriog. 

1  Coniston  only. 

1  Irish  Wenlock — Kerry. 

5  found  in  the  Caradoc. 

30,  leaving  15  as  peculiar  to  it. 
Only  9  Coniston  species  are  contained  in  the  Llandeilo  series.    The  additional 
species  were  added  by  myself  (39  is  Sir  R.M.'s  number)  at  Builth  last  year. — J.W.S. 
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IB  the  Cumbrian  mountains^  it  would  be  among  the  flagstones  asso- 
ciated with  or  overlying  the  Coniston  limestone*. 

Though  there  are  several  remarkable  species  of  mollusca  and 
Crustacea  common  to  the  Wenlock,  Caradoc  and  Llandeilo  series, 
there  are  other  beds  far  below  them  which,  I  believe,  contain  none 
of  these  common  species.  These  beds  are  subordinate  to  the  most 
remarkable  physical  group  of  England.  I  have  in  former  papers 
called  it  the  Proiozoic  group  ;  or  the  lowest  and  greatest  division  of 
the  rocks  with  Lower  Silurian  fossib.  Now  that  I  have  no  evidence 
of  the  existence  of  Asaphus  Buchii,  and  other  Llandeilo  characteris- 
tic fossils  in  this  vast  group,  I  am  no  longer  embarrassed  for  its  name. 
I  cannot  speak  of  a  Cambrian  system,  with  peculiar  fossib  found  in  no 
other ;  but  I  may  speak  of  the  lower  or  great  Cambrian  group ;  and 
it  is,  I  think,  on  very  probable  evidence,  placed  on  the  same  level  with 
the  green  slates  and  porphyries  of  Cumberland,  which  I  once  called 
the  great  Cumbrian  group.  In  this  great  Cambrian  group  began 
the  lowest  fossil  species  we  know  in  the  British  Isles.  Many  of  the 
lowest  species  lasted  throughout  the  whole  Lower  Silurian  period ; 
but  new  species  were  added,  as  conditions  gradually  changed,  during 
the  epochs  marked  in  the  ascending  sections ;  so  that  the  lower  fauna 
reached  its  maximum  of  development  in  the  Caradoc  sandstone  and 
Llandeilo  flagstone.  Afterwards  the  fauna  underwent  a  much  more 
n^iid  change,  certain  tribes  of  JBrachiopoda  diminishing  in  numbers, 
and  being  replaced  by  other  forms,  while,  as  far  as  our  evidence  goes 
(at  least  in  the  north  of  England),  the  LameUibraiwhicUa,  though  be- 
ginning low  in  the  Cambrian  group,  also  formed  a  more  important 
part  of  the  fauna  of  the  Upper  Silurian  rocks.  Geology  tells  us  of 
the  successive  revolutions  and  changes  in  the  crust  of  the  earth. 
Organic  changes  are  our  surest  guides  in  making  out  this  history ;  but 
they  form  only  a  part  of  our  evidence,  and  the  great  physical  groups 
of  deposits,  however  rude  and  mechanical,  are  historical  monuments 
of  perhaps  equal  importance  in  obtaining  any  true  and  intelligible 
history  of  the  past  ages  of  the  earth ;  and  after  we  have  descended 
through  a  certain  number  of  stages,  they  become  indeed  our  only 
monuments  and  indexes  of  past  events.     This  is  true  in  North  Wales, 

*  Of  the  Coniston  Lower  SUurian  fossils  (including  Helmsffill,  &c.)  we  find  in 
North  Wales— 

Peculiar  to  the  Bala  limestone  and  beds  below  it 6  species. 

Common  to  the  Bala  series  and  the  passage  beds 16      „ 

Peculiar  to  the  passage  beds 17      „ 

Peculiar  to  Westmoreland  21      „ 

60 
Bjr  *  passage  beds  *  are  meant  the  highest  beds  of  the  Caradoc  sandstone  (e.  g» 
those  of  Glen  Ceiriog,  &c.),  which  form  a  passage  into  the  Upper  system. 

Of  the  21  species  which  are  peculiar  to  this  series  in  the  north  of  England, 
two  occur  in  the  beds  on  top  of  the  Berwyns  (Rhiwargor);  two  in  Ireland,  in 
beds  referable  to  Wenlock  limestone  and  shale ;  and  three  are  characteristic  Wen- 
lock  fossils,  namely  Cyathophyllvm  cuBtpUofum,  Comuliiea  terpuiariutf  Tentacu- 
Utet  omattu. 

Of  couTBe  this  list  is  not  absolute ;  and  the  probability  is,  I  think,  that  there 
will  be  BO  species  **  peculiar  to  the  Bala  series"  when  we  know  more. — J.  W.  S. 
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and  still  more  emphatically  in  Cumberland,  where  the  Skiddaw  slate 
is  without  fossils. 

Taking  the  whole  view  of  the  case  therefore  as  far  as  I  know  it, 
I  would  divide  the  older  palaeozoic  rocks  of  our  island  into  three  great 
groups— each  (in  local  descriptions)  to  be  further  subdivided.  They 
would  then  stand  thus  : — 

3rd,  Upper  group,  or  exclusively  Upper  Silurian, 

2nd,  Middle  group,   or  Lower  Silurian^   including   Llandeilo, 

Caradoc,  and  perhaps  Wenlock. 
Ist  group,  or  Cambrian. 

This  arrangement  does  no  violence  to  the  Silurian  system  of  Sir 
R.  M urchison,  but  takes  it  up  in  its  true  place  ;  and  I  think  that  it 
enables  us  to  classify  the  old  rocks  in  such  a  way  as  to  satisfy  the 
conditions  both  of  fossil  and  physical  as  well  as  of  mineralogical 
development. 

The  general  conclusions  which  I  obtain  from  the  details  given  in 
the  former  paper  and  the  present  one  are  briefly  these : — 

The  fossiiiferous  slates,  extending  from  the  Coniston  limestone  to 
the  valley  of  the  Lune,  are  subdivided  into  five  formations  or 
*  primary  groups. 

5.  Coarse  slates,  generally  without  transverse  cleavage  planes, 
grits,  flagstones,  &c.,  divided  into  three  sub-groups. 

y.  Greenish-grey  and  red  flagstones  (tilestone). 

/9.  Grits  and  slates  without  true  cleavage  planes,  with  numerous 

Upper  Ludlow  fossils. 
a.  Coarse  slates  passing  downwards  into  4  ^. 

4.  A  formation  of  very  great  thickness  (/re/(e/A  slates,  S^c),  divided, 
for  convenience  of  description,  into  four  sub-groups : — 

>.  Coarse  slates  and  grit8,^-often  passing  into  the  structure  of  the 

lower  sub-groups,  and  not  to  be  separated  from  them. 
y.  Upper  or  great  Ireleth  slate  zone. 
/S.  Upper  limestone. 
o.  Lower  Ireleth  slates. 

Respecting  the  upper  part  (5)  of  this  great  formation  there  is  no 
difference  of  opinion.  It  contains  beds  of  TerebrattUa  navicula  and 
several  other  well-known  Lower  Ludlow  fossils ;  and  has  already 
been  compared,  in  a  general  way,  with  the  Lower  Ludlow  rocks, 
both  by  Mr.  Sharpe  and  myself. 

3.  A  great  deposit  of  hard  gritty  beds,  sometimes  even  approach- 
ing a  conglomerate  form,  with  subordinate  slaty  masses,  and  with 
numerous  large  spherical  concretions  arranged  parallel  to  the  beds. 
The  fossils  are  very  rare  in  this  group,  but  among  them  are  Grap- 
tolHes  ludensiSf  Cardiola  interrupta,  Orthoceras  ibex  and  O.  subtm- 
dukUum,     All  the  species  are  Upper  Silurian. 

2.  Coniston  Brathay  flagstone.  Thickness  roughly  computed  at 
1500  feet.     Its  most  characteristic  fossils  are  Graptolites  ludensis, 
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Cardiola  inierrupta,  Orthoceratites  (including  Creseis),  and  a  few 
Trilobites.  The  species  are  all  Upper  Silurian, — using  that  term  in 
the  sense  given  to  it  by  Sir  R.  Murchison.  The  mineral  structure 
of  this  formation  is  almost  identical  with  that  of  the  Upper  Silurian 
flagstones  of  the  Lower  Severn,  described  by  Sir  R.  Murchison,  and 
still  more  exactly  identical  with  the  lower  Denbigh  flagstones  de- 
scribed in  my  paper  on  North  Wales. 

1.  Coniston  limestone  and  calcareous  sUtte,  On  an  average  not 
more  than  200  or  300  feet  thick ;  at  a  maximum  (in  Millam)  about 
600  feet  thick.  The  fossils  of  this  group  are  Lower  Silurian,  and  I 
need  not  repeat  the  well-known  list  of  species. 

The  whole  series  is  overlaid  unconformably  by  the  old  red  sand- 
stone and  mountain  limestone. 

Note. — It  is  right  to  state  that  in  this  paper  the  localities  of  Wenlock  fossils 
and  those  of  Llandeilo  flags,  &Cm  are  taken  from  Sir  R.  Murchison's  descriptions 
(excluding  Marloes  Bay).  One  or  tsvo  species  were  added  from  Builth  by  my- 
self!—J.  W.  S. 


2*  On  the  Strata  called  ** Jackstones  "  at  Merthyr  Tydvil. 
By  Jos.  Dickinson,  Esq.,  F.G.S. 

Considering  these  stones  in  connexion  with  the  ironstones  and 
other  strata  with  which  they  are  associated,  they  are  chiefly  remark- 
able for  the  peculiarity  of  their  structure  and  the  great  quantity  of 
carbonate  of  lime  which  they  contain.  Few  of  the  ironstones  and 
scarcely  any  of  the  other  strata  in  the  coal-measures  in  this  locality 
contain  Ave  per  cent  of  carbonate  of  lime,  whilst  these  Jackstones 
contain  forty-five. 

Their  usual  structure  is  conical,  the  stones  being  made  up  of  a 
series  of  distinct  cones  with  serrated  edges  inserted  into  each  other, 
having  the  apex  of  each  cone  directed  towards  the  top  of  the  stra- 
tum, sdthough  this  is  not  invariably  the  case.  The  height  of  the 
cones  is  various,  but  those  most  perfectly  formed  seldom  exceed 
four  inches.  Towards  the  upper  and  lower  surface  of  the  stratum, 
the  conical  structure  frequently  disappears  and  an  even  arrange- 
ment ensues. 

These  stones  are  disposed  in  seams  similar  to  those  of  clay  iron- 
stone. They  are  of  a  brown  and  sometimes  of  a  grey  colour.  They 
generally  lie  underneath  and  in  contact  with  ironstone,  and  occa- 
sionally they  intervene  as  a  band  in  the  middle  of  a  seam,  in  which 
case,  as  well  as  in  the  former,  there  is  generally  a  distinct  line  of  di- 
vision at  the  junction  of  the  two  stones.  In  many  examples,  how- 
ever, the  two  stones  blend  imperceptibly  with  each  other. 

The  thickness  of  a  stratum  of  Jackstones  seldom  exceeds  nine 
inches,  and  probably  not  more  than  three  or  four  different  strata 
could  be  enumerated  in  one  section.  They  are  generally  situated 
amongst  the  ironstones  lying  below  the  workable  coal-seams,  the 
lowest  of  which  is  about  210  yards  above  the  mountain  limestone. 

k2 
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The  analysis  of  one  of  the  commonest  specimens  is — 

Moisture    1*0 

Carbonaceous  matter     1*0 

Alumina 102 

Silica 10-8 

Proto-carbonate  of  iron    27'5 

Carbonate  of  lime 45*0 

Carbonate  of  magnesia 3*8 

99-3 

From  their  containing  iron  and  lime,  they  are  partially  used  in 
the  blast  furnaces  at  the  iron-works ;  they  have  been  also  used  in 
the  manufacture  of  a  cement ;  and  in  the  neighbourhood  of  the  mines 
they  are  employed  to  repair  roads,  for  which  purpose  they  are  well 
adapted. 

3.  NoHces  of  some  Fossils  fou$id  in  the  Coal  Formation  of  Nova 
Scotia.     By  John  William  Dawson,  Esq. 

Plate  VIII. 

1.  Ichnolites. — The  coal-formation  of  Nova  Scotia  has  already 
yielded  ichnolites  of  three  species,  specimens  of  which,  all  unfortu- 
nately very  imperfect,  have  been  presented  to  the  Geological  Society 
by  Mr.  Logan  and  the  writer  of  the  present  paper*.  Desiring  to 
add  to  the  value  of  this  discovery,  I  spent  several  days  of  last  sum- 
mer in  a  careful  re-examination  of  the  red  sandstones  at  Tatma- 
gouche,  which  had  formerly  afforded  these  fossils,  and  in  exploring 
some  other  localities  in  which  beds  of  the  same  age  appear.  The 
results  of  these  examinations  are,  Jirst^  the  discovery  of  a  few  ad- 
ditional footmarks  of  one  of  the  species  of  which  specimens  were 
sent  last  winter  to  the  Geological  Society.  These  new  specimens 
are  not  however  more  distinctly  marked  than  those  formerly  found 
at  the  same  place.  Secondly^  the  discovery,  in  a  bed  of  coarse  red- 
dish shale  immediately  overlying  the  bed  containing  ichnolites,  of 
some  coprolitic  bodies,  probably  of  common  origin  with  the  foot- 
stepa.  One  of  these  coprolites,  on  analysis,  was  found  to  consist 
chiefly  of  carbonate  of  lime  and  argillaceous  matter,  with  a  consider- 
able  proportion  of  phosphate  of  lime,  and  traces  of  chlorine  and  or- 
ganic matter.  The  figure  of  a  well-marked  specimen  is  given  in  the 
accompanying  Plate,  fig.  1.  Thirdly^  a  confirmation  of  my  previous 
belief  of  the  carboniferous  date  of  these  beds  with  footmarks,  by 
finding  in  them  impressions  of  a  species  o^  Neuropieris  common  in  our 
coal-formation,  and  fragments  of  Stembergia  and  of  a  lycopodiaceous 
plant  found  in  carboniferous  beds,  in  various  other  parts  of  this  pro- 
Tince.  FofurUdy^  having  exposed  larger  surfaces  of  the  sandstones 
on  the  banks  of  the  French  river  of  Tatmagouche  than  I  had  pre- 
viously seen,  I  was  struck  with  the  vast  abundance  and  great  distinct- 
ness of  the  worm-tracks  and  casts  of  worm-holes,  which  cover  the  sur* 
♦  Vid/t  Quarterly  Journal  of  Geol.  Soc.  vol  i.  p.  326. 
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faces  and  penetrate  the  thickness  of  many  of  the  beds.  Many  of  these 
worm-tracks  are  marked  with  striae,  probably  produced  by  the  s€t<B^ 
of  the  worms.  Beds  similarly  marked  are  seen  in  several  places  near 
Tatmagouche ;  and  on  the  western  side  of  the  neighbouring  pro- 
montory of  Malagash,  where  the  strata  of  the  coal-formation  have 
been  thrown  into  a  vertical  position,  large  rippled  and  worm-tracked 
surfaces  are  exposed  in  the  perpendicular  face  of  the  cliff.  These 
ancient  shores  or  banks,  swarming  with  worms,  were  probably  the 
feeding-grounds  of  the  animals,  a  few  of  whose  footmarks  their  sur- 
faces have  retained. 

2.  Conifsfxnu  tcoad* — At  a  particular  level  in  the  lower  part  of 
the  newer  coal- formation,  calcareous  petrifactions  of  coniferous  wood 
are  very  abundant,  in  some  instances  appearing  to  have  belonged  to 
extensive  rafts  of  drift-wood.  A  bed  of  sandstone,  containing  one 
of  these  petrified  rafts,  is  well  exposed  on  the  shore  between  Cape 
Malagash  and  Wallace  Harbour,  and  is  there  associated  with  a  bed 
of  gypsum,  and  a  thin  layer  of  limestone  containing  a  few  marine 
shells,  of  species  found  also  in  the  lower  carboniferous  rocks  ;  the 
whole  forming  a  peculiar  and  unusual  association  of  fossils,  and 
affording  the  only  instance  that  I  have  yet  observed,  of  the  oc- 
currence of  lower  carboniferous  shells  at  a  level  higher  than  that 
of  the  great  coal-measures  (as  shown  in  the  annexed  section). 

Section  of  Carboniferous  Rocks  at  M'Kkmzib's  Mill  near  Wallacb  Habboub. 


4.  Grer  sandfltones  with  Catamites  and  trunks  of  Conifer^e. 
3.  Redidisbc' 


3.  Reddish  clay  and  shales. 
2.  White  granular  grpsum. 
1.  Limestone  with  Terekratulae,  &e. 


lu  the  bed  of  coniferous  wood  at  Malagash,  the  structure  of  many 
of  the  trunks  has  been  very  perfectly  preserved ;  and  slices  exhibit 
very  distinctly  polygonal  discs  on  the  walls  of  the  cells,  like  those 
of  the  genus  Araucaria.  On  comparing  slices  from  this  locality 
with  others  of  specimens  from  different  parts  of  this  country,  which 
had  not  previously  afforded  very  satisfactory  results,  it  appears  that 
the  species  of  coniferous  trees  most  abundantly  found  in  the  coal- 
formation  of  Pictou  and  Cumberland  counties  have  the  structure  of 
the  Araucarian  pines.  I  have  hitherto  found  no  specimen  exhibiting 
the  discs  of  ordinary  pines.  On  the  weathered  ends  of  trunks  of 
Araucaria,  in  the  sandistones  at  Rctou  and  near  Wallace,  rings  of 
growth  are  often  very  apparent ;  and  in  some  instances,  the  layers 
of  yearly  growth  having  separated  in  the  progress  of  decay,  as  is 
often  seen  in  recent  wood,  they  have  left  vacant  spaces,  occupied  in 
die  fosedls  by  calcareous  spar.  In  a  transverse  slice  the  rings  of 
growth  can  easily  be  seen  with  the  naked  eye.  They  do  not  exceed 
in  width  those  of  vigorous  individuals  of  many  recent  coniferous 
species,  but  their  limits  are  much  less  distinctly  marked  than  in  any 
Coniferae  now  growing  in  this  climate. 
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It  IS  perhaps  worthy  of  notice,  that  the  alteration  effected  from  the 
original  structure  of  these  calcareous  fossils,  consists  merely  in  the 
filling  up  of  the  cavities  of  the  cells  with  carbonate  of  lime,  and  in 
the  carbonization  of  their  walb.  When  fragments  are  exposed  to  the 
action  of  diluted  hydrochloric  acid,  the  calcareous  matter  is  removed, 
and  a  flexible  carbonaceous  substance,  retaining  the  form  of  the 
fragment,  remains.  This  residual  woody  matter  bums  like  touch* 
wood,  and  leaves  a  very  little  white  ash. 

Coniferous  wood  is  not  unfrequent  in  the  nodules  of  ironstone, 
included  in  the  great  coal-bed  at  the  Albion  mines.  Afler  prepa- 
ring a  great  number  of  slices  from  these  nodules,  I  have  found  them 
in  general  to  contain  wood  showing  coniferous  structure,  and  in  a 
few  instances  having  the  polygonal  discs  of  the  cells  preserved.  More 
rarely  they  afford  fragments  with  the  structure  of  Stigmaria.  The 
wood  contained  in  these  nodules  of  ironstone  is  usually  in  the  form 
of  small  rectangular  pieces,  similar  to  those  which  now  result  from 
the  slow  decay  of  coniferous  wood  on  the  surface  of  the  ground  ; 
and  it  can  scarcely  be  doubted  that  they  are  of  the  same  nature 
with  the  less  perfectly  preserved  fragments  of  similar  form,  which, 
in  the  state  of  mineral  charcoal,  abound  in  the  surrounding  coal. 
If  this  view  of  the  nature  of  the  mineral  charcoal  be  correct,  we 
learn  from  it,  that  the  coal-beds  containing  these  fragments  were 
accumulated  under  circumstances  which  permitted  the  decay  of  great 
quantities  of  the  most  durable  kinds  of  wood  in  the  open  air,  and 
the  partial  dispersion  of  their  remains.  These  conditions  of  decay 
and  accumulation  of  vegetable  matter  are  at  present  found  only  in 
wooded  swamps  occasionally  overflowed  by  water. 

3-  Stigmaria. — At  the  extremity  of  Malagash  Point  the  shore 
affords  a  section  of  rocks  of  the  newer  coal-formation,  consisting  of 
red  and  grey  sandstone,  shale,  thin  beds  of  limestone,  and  a  small 
bed  of  coal.  In  one  of  the  beds  of  shale  I  discovered  a  fossil  stump 
of  a  tree,  having  connected  with  it  roots  with  regular  scars  like  Siiff' 
maria.  The  trunk  of  the  fossil  was  nearly  at  right  angles  with  the 
plane  of  the  containing  beds,  which  are  inclined  at  an  angle  of  about 
50^*.  It  was  imbedded  in  coarse  dark  shale,  and  rooted  in  an  in- 
durated clay  of  the  same  colour.  It  was  not  more  than  one  foot  in 
height,  being  cut  off  by  a  bed  of  dark  laminated  shale,  with  impres- 
sions of  fern  leaves.  A  portion  of  one  of  the  main  roots,  ten  inches 
in  length,  was  seen  to  be  attached  to  the  stump,  and  other  portions, 
whose  actual  connexion  could  not  be  seen,  appeared  in  the  surround- 
ing clay.  All  of  these  roots  show,  more  or  less  distinctly,  the 
regular  scars  and  eccentric  pith  characteristic  of  Stigmaria.  The 
whole  fossil  is  a  cast  in  dark  indurated  clay ;  the  trunk  however 
shows  three  well-defined  parts.  These  are,  first,  an  external  coaly 
envelope  or  bark  irregularly  corrugated ;  secondly,  the  stony  cast, 
whose  surface  shows  rather  indistinct,  alternate,  smooth  and  rough 
vertical  stripes;  and  thirdly,  an  eccentric  core,  probably  corre- 
sponding with  that  of  the  roots  and  having  large  transverse  promi- 

♦  I  saw  no  other  fossils  in  this  bed,  only  a  small  part  of  which  was  exposed. 
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DODces,  which  appear  to  have  been  connected  with  fibres  or  bundles 
of  vessels,  whose  remains  extend  outward  and  downward  through 
the  outer  part  of  the  cast.  I  have  sent  with  this  paper  specimens  of 
the  trunk  and  roots,  and  a  sketch  of  the  fossil  as  it  appeared  when  in 
tUu  (fig.  2),  trusting  that,  wiien  examined  by  more  competent  bota- 
niBts,  they  may  give  interesting  information  respecting  the  nature  and 
affinities  of  Stigmaria.  I  also  send  a  figure  of  a  specimen  of  Stig- 
maria  (fig.  3),  seen  in  a  bed  below  the  roots  above  described,  whose 
rootlets  have  penetrated  two  thin  beds  of  sandstone  and  a  bed  of 
ahale. 

4.  Stembergia, — Fragments  of  plants  of  this  genus  are  frequently 
found  in  the  sandstones  of  the  Pictou  coal-field,  usually  in  beds 
which  also  contain  Calamites.  They  are  in  the  state  of  stony  casts, 
always  invested  with  a  thin  bark  or  coating  of  lignite,  whose  outer 
surface  is  smooth  and  without  transverse  wrinkles.  The  inner  sur- 
face of  the  coating  of  lignite  has  longitudinal  ridges  which  adhere 
strongly  to  the  surface  of  the  transversely  striated  cast,  and  leave 
marks  or  small  furrows  when  removed.  Though  specimens  of  this 
kind  are  not  rare,  and  vary  in  diameter  from  half  an  inch  to  two  and 
a  half  inches,  I  have  seen  none  with  any  trace  of  roots,  leaves  or 
fruit,  or  even  of  a  conical  termination  ;  all  are  cylindrical  fragments, 
and  so  similar  in  their  markings,  that  they  may  have  belonged  to 
one  species.  Transversely  ridged  stems,  of  a  character  very  different 
from  the  above,  are  however  occasionally  found  in  the  carboniferous 
beds  of  this  province.  These  are  stony  casts,  having  irregular  and 
often  large  transverse  markings,  and  enclosed  in  a  thick  coat  of  lig- 
nite or  fossil  wood.  In  two  specimens  of  the  latter  kind,  transverse 
sections  of  the  portion  with  structure,  show  cellular  tissue  appa- 
rently with  medullary  rays,  and  much  resembling  the  wood  of  Co- 
niferae. 

The  fossils  last  mentioned  are  probably,  as  suggested  by  Mr. 
Dawes  with  reference  to  the  British  species  of  Stembergia,  casts  of 
the  pith  of  trees.  It  appears  evident  however,  that  the  first-men- 
tioned species  (named  I  believe  Artisia  approximata  in  Mr.  Lyell*s 
list)  was  a  plant  having  a  very  large  pith  and  a  comparatively  thin 
woody  envelope — in  short  a  gigantic  rush-like  plant,  perhaps  leaf- 
less and  nearly  cylindrical,  like  some  modern  species  of  Juncus. 
To  show  the  rush-like  character  of  this  curious  fossil,  I  have  sketched 
(fig.  4)  a  specimen  from  the  Pictou  coal-field,  and  a  portion  of  the 
stem  of  a  common  species  of  Juncus  from  a  swamp  near  Pictou ; 
both  showing  the  transverse  structure  of  the  pith,  the  marks  lefl  in 
it  by  the  internal  ridges  of  the  envelope,  and  the  smooth  or  longitu- 
dinally striated  outer  surface. 

The  above  notices  of  some  of  the  fossils  of  the  coal-formation  of 
Nova  Scotia  have  been  selected  from  the  results  of  my  late  obser- 
vations, from  a  belief  that  they  may  be  serviceable  in  the  eluci- 
dation of  important  geological  questions  now  in  process  of  discus- 
sion, and  intimately  connected  with  the  palaeontology  of  the  coal 
period. 
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EXPLANATION  OF  PLATE  VIIL 

Fig.  I.  Coprolite  from  the  carboniferous  sandstone  of  NoYa  Sootia. 

2.  Fossil  trunk  m  ritu  having  roots  resembling  Stigmaria  (Malagash). 

1.  Dark  grey  shale  with  fern  leaves. 

2.  Ditto      coarse  shale. 

3.  Hardened  dark-coloured  clay. 

4.  Limestone. 

a.  Attached  roots. 

b.  Roots  not  attached. 

c.  Bark. 

d.  Ligneous  surfiEtce. 

e.  Core  and  attached  fibres. 

3.  Stigmaria  with  rootlets  penetrating  sandstone  and  shale  (Malagash). 

1.  Shale. 

2.  Sandstone. 

4.  Stembergia  from  the  Pictou  coal-field,  and  recent  Jimtw  efiuuB  with 

part  of  the  pith  uncovered. 

a.  Stony  cast  of  pith. 

b.  Coat  of  lignite. 


4.  Notes  on  the  Fossil  Plants  communicated  by  Mr.  Dawson  from 
Nova  Scotia,     By  C.  J.  F.  Bunbury,  Esq.,  F.G.S. 

The  observations  of  Mr.  Dawson  on  the  fossil  roots  huTing  the  cha- 
racters of  Stigmaria  are  curious  and  important,  as  corroborating  the 
statement  communicated  by  Mr.  Binney  to  the  British  Association 
in  June  184-5,  respecting  the  tree  with  similarly  marked  roots  which 
was  discovered  at  St.  Helens  in  Lancashire.  Mr.  Binney 'a  state- 
ment, clear  and  positive  as  it  seemed,  has  nevertheless  been  doubted 
by  some  of  our  most  eminent  geologists,  who  have  believed  the 
connexion  of  the  supposed  stem  and  roots  to  be  merely  apparent  or 
accidental ;  and  it  is  possible  that  similar  doubts  may  be  thrown  on 
Mr.  Dawson's  observations.  He  appears  however  to  have  satisfied 
himself,  that  one  of  the  Stigmaria-like  specimens  now  before  us  did 
actually  proceed  in  the  manner  of  a  root  from  the  base  of  the  stem. 
These  specimens  differ  in  some  degree  from  the  best-characterized 
forms  of  Stigmaria,  their  scars  not  having  the  distinctly  circular  and 
umbilicated  form  that  is  usual  in  that  fossil :  the  appearance  is  as 
if  the  leaves  or  rootlets  (whichever  they  may  be)  had  not  been  dis- 
articulated, but  broken  off  abruptly ;  yet  the  symmetrical  quincun- 
cial  arrangement  of  these  scars,  the  presence  of  the  excentric  axis, 
and  the  general  appearance  of  the  fossils,  leave  no  doubt  that  they 
are  referable  to  the  supposed  genus  Stigmaria.  It  has  been  urged, 
that  the  symmetrical  arrangement  of  the  scars  is  a  fatal  objection 
to  the  idea  that  these  bodies  were  roots,  which  never  emit  their 
fibres  with  any  degree  of  regularity ;  but,  unless  we  suppose  that 
Mr.  Dawson  has  been  deceived  by  appearances,  this  argument, 
drawn  from  the  analogy  of  existing  plants,  must  yield  to  the  positive 
result  of  observation.  It  would  not  be  the  first  instance  in  which 
the  progress  of  discovery  has  revealed  striking  exceptions  to  what 
had  been  supposed  general  laws  of  structure.  Exact  and  multiplied 
observations  are  certainly  necessary  to  establish  the  existence  of 
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such  anomalien ;  but  every  new  fact  recorded  by  skilful  observersy 
and  bearing  on  a  question  of  this  kind,  like  that  now  communicated 
by  Mr.  Dawson,  is  of  great  value. 

Whatever  may  be  the  case  with  regard  to  the  Lancashire  plant, 
I  see  no  proof,  either  in  Mr.  Dawson's  specimens,  or  in  his  drawing 
or  description,  that  the  fossil  tree  described  by  him  was  a  SigiUaria. 
I  can  find  no  trace  eilher  of  the  regular  flutings,  or  of  the  well-de- 
fined leaf-scars,  characteristic  of  that  genus.  If  indeed  the  Sigil- 
larisB  were  Dicotyledonous  trees,  haying  the  ordinary  Exogenous 
mode  of  growth,  it  is  clear  that  these  superficial  markings  would  be 
obliterate  by  the  increase  of  the  stem  in  diameter,  and  would  dis- 
appear from  the  older  parts  of  it,  as  happens  in  the  Pines  and  Firs. 
But  M.  Adolphe  Brongniart  expressly  states  that  the  Sigillariae  pre- 
sent the  same  appearances,  the  same  furrows  and  leaf-scars,  in  the 
lower  parts  of  their  stems  as  in  the  upper,  and  do  not  i4>pear  to  have 
increased  in  diameter  by  successive  additions  to  the  exterior,  after 
the  manner  of  Exogens.  It  was  partly  on  this  ground,  indeed,  that 
he  originally  maintained  that  they  could  not  be  Dicotyledonous 
trees,  but  were  of  the  nature  of  arborescent  Ferns ;  and  even  after 
the  examination  of  a  specimen  showing  internal  structure  had  in- 
duced him  to  admit  that  they  belonged  to  the  Exogenous  class, 
he  still  dwelt  on  this  peculiarity  as  removing  them  from  the  gene- 
rality of  plants  of  that  class,  and  bringing  them  near  to  the  Cycadesa. 
In  the  figure  which  he  has  given  of  the  base  of  a  stem  of  Sigillaria* 
found  at  Anzin,  we  see  in  fact  the  furrows  and  vascular  scars  repre- 
sented as  very  distinct  and  perfectly  regular.  It  is  possible  that  the 
various  plants  comprehended  under  the  name  of  Sigillaria  may  difier 
in  this  respect ;  if  not,  we  must  admit  that  the  StigmarisB  described 
by  Mr.  Dawson,  though  they  might  be  roots,  were  not  the  roots  of  a 
Sigillaria. 

Supposing  it  proved  that  the  fossil  called  Stigmaria  was  really  the 
root  of  a  tree,  (and  although  the  question  cannot  yet  be  considered 
as  deBnitively  settled,  I  tJ^ink  that  the  positive  and  independent 
statements  of  two  such  experienced  observers  as  Mr.  Binney  and 
Mr.  Dawson  give  very  g^reat  support  to  that  opinion,)  supposing  thia 
proved,  there  still  remain  some  obscurities  to  be  cleared  up  in  regard 
to  thb  singular  production.  In  particular,  what  can  be  the  nature 
of  that  strange  dome-shaped  centre,  figured  in  the  '  Fossil  Flora,' 
▼oL  i.  t.  SI,  and  voL  ii.  pi^.  p.  xiii  ?  Is  it  the  base  or  stool  of  a 
trunk  broken  off  near  the  root?  The  figure  given  in  the  preface  to 
the  second  volume  of  the  above-quoted  work  does  not  ill  agree  with 
this  supposition  ;  and  it  is  possible  that  the  *'  wrinkled  appearance, 
with  indistinct  circular  spots,"  which  the  upper  surface  is  there  said 
to  have  exhibited,  may  have  been  deceptive  or  accidental.  Dr. 
Lindley,  who  seems  to  have  been  the  first  to  hintf  that  Stigmaria 
might  possibly  be  the  root  of  Sigillaria,  compares  the  dome-like 
centre  and  radiating  arms  of  Stigmaria  with  the  roots  and  base  of  the 

♦  Hist,  des  Vdg.  Foss.  vol.  i.  t.  160. 

t  Penny  Cyclopedia,  art.  CkMil  Planto,  pnbiiihed  1837. 
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stem  oiSigUlaria  pachydermay  as  figured  in  the  '  Fossil  Flora,*  1 54 ; 
and  thus  appears  to  suggest  the  same  explamttion  of  the  nature  of 
that  anomalous  dome  as  is  here  proposed.  It  may  be  observed,  that 
in  the  figure  last  quoted  the  stem  of  S,  pocky  derma  is  represented  as 
divided  into  several  portions  by  apparent  joints,  the  lowermost  of 
which,  occurring  just  above  the  roots,  leaves  the  portion  below  it  in 
a  form  very  well  adapted  to  the  hypothesis  in  question ;  but  I  am 
not  aware  that  anything  similar  has  been  noticed  by  others  in  any 
species  of  Sigillaria ;  and  perhaps  the  appearance  of  articulations  in 
that  instance  may  be  occasioned  merely  by  the  mineral  structure  of 
the  stone  of  which  the  cast  was  composed. 

The  *•  transverse  prominences,*'  noticed  by  Mr.  Dawson  as  pro- 
ceeding from  the  **  core"  or  excentric  axis  of  the  upright  stem,  are 
doubtless  of  the  same  nature  with  those  which  are  often  conspicuous 
on  the  surface  of  the  vascular  axis  of  Stigmaria,  and  which  are 
represented  in  tab.  35  of  the  *  Fossil  Flora.*  They  are  the  broken 
remains  of  vascular  bundles  which  passed  from  the  axis  to  the  leaves 
or  rootlets.  A  similar  excentric  vascular  axis,  with  bundles  of  ves- 
aels  proceeding  from  it  to  the  bases  of  the  leaves,  is  described  by 
M.  Ad.  Brongniart  in  the  only  Sigillaria  of  which  the  internal 
structure  has  yet  been  ascertained ;  but,  while  the  existence  of  the 
•did  axis  may  very  otlen  be  distinctly  traced  even  in  the  stony  casts 
of  Stigmariae,  it  does  not  appear  to  be  so  distinct  in  the  Sigillariae. 

Before  quitting  the  subject  of  these  remarkable  extinct  forms  of 
vegetable  life,  I  may  further  observe,  that  the  similarity  of  their  vas- 
eular  tissue  to  that  of  Ferns  is  not  a  sufficient  proof  of  any  real  affi- 
nity to  that  tribe  of  plants,  since  Mr.  Brown  has  ascertained  that 
yessels  of  a  similar  structure  Q*  voia  scalarifortnia  **)  constitute  the 
whole  of  the  woody  tissue  ofMyzodendron*^  a  genus  of  parasitical 
flowering  plants  allied  to  the  Misletoe,  and  totally  dissimilar  to  Ferns. 

Mr.  Dawson*s  explanation  of  the  nature  of  the  so-called  Stem' 
bergia  appears  by  far  the  most  probable  that  has  yet  been  proposed. 
The  smooth  outer  coat  observed  by  that  gentleman  (and  of  which 
1  perceive  traces  in  some  English  specimens)  seems  to  afford  an 
almost  conclusive  argument  against  M.  Brongniart's  opinion,  that 
the  transverse  lines  on  the  surface  of  the  casts  were  the  scars  of 
fallen  leaves.  M.  Brongniart  appears  to  have  been  unaware  of  the 
existence  of  this  smooth  carbonized  integument ;  it  is  slightly  no- 
ticed by  the  authors  of  the  *  Fossil  Flora,'  who  however  seem  to  re- 
gard it  as  adventitious,  not  belonging  to  the  plant;  but  this,  ac- 
cording to  Mr.  Dawson's  observations,  is  by  no  means  the  case. 

If  a  generic  name  be  required  for  these  bodies,  that  of  Artisia 
ought  certainly  to  be  adopted  in  preference  to  Stembergia^  as  the 
latter  belongs  to  a  genus  of  recent  plants  very  different  from  these 
fossils. 

In  addition  to  the  specimens  described  in  Mr.  Dawson's  paper, 
that  gentleman  has  sent  a  fragment  of  a  somewhat  anomalous  ap- 
pearance, of  which  he  thus  speaks  in  a  letter  to  me  : — 

*  Linnean  TrmsBCtions,  vol.  xix.  p.  231,  note. 
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^  I  have  sent  a  curious  fragment  picked  up  on  the  Joggins  shore. 
k  exhibits  in  one  specimen  two  different  forms  of  Sigillarta,  usually 
I  believe  considered  as  different  species.  I  have  never  seen  another 
nmilar  specimen,  but  think  the  association  of  the  two  forms  in  this 
piece  cannot  be  accidental." 

The  specimen,  now  on  the  table,  in  fact  exhibits  on  one  side  a 
sharp  and  distinct  impression  of  the  leaf-scars  and  other  markings 
of  a  Sigillaria,  apparently  S,  sctUellata  or  a  variety  of  it  The  other 
side  is  plainly  fluted,  and  has  the  appearance  of  a  decorticated  Si- 
gillaria much  rubbed  and  defaced,  and  with  no  distinct  trace  of  the 
insertion  of  leaves.  I  am  inclined  however  to  believe  that  this  sin- 
gular diversity  between  the  two  sides  of  the  specimen  is  accidental. 
It  will  be  observed  that  that  side  on  which  the  markings  are  sharp 
and  distinct  exhibits,  not  the  original  surface  of  the  stem,  but  an  im- 

Eression  of  it,  as  is  evident  from  the  leaf-scars  being  situated  in  hol- 
)ws  or  depressions,  and  from  the  narrow  prominent  ridges  between 
them,  where  we  should  expect  to  find  furrows :  in  short,  all  the 
markings  are  in  reverse,  as  compared  with  what  we  see  in  perfect 
specimens  of  Sigillariae.  I  conceive  therefore  that  this  cannot  be 
really  a  portion  of  a  stem  exhibiting  different  characters  on  opposite 
■ides.  I  am  rather  inclined  to  think  that  the  clay  of  which  this  spe- 
cimen is  composed  may  have  been  moulded  within  the  bark  of  a 
decayed  stem  of  one  Sigillaria,  which  gave  it  the  simply  fluted  ap- 
pearance, and,  while  yet  soft  and  moist,  may  have  received  an  im- 
pression on  the  other  side  from  the  external  surface  of  a  different 
item.  But  I  propose  this  explanation  with  much  hesitation  and 
doubt,  as  it  is  certainly  very  remarkable,  under  this  supposition, 
that  the  ridges  and  furrows  on  the  two  opposite  sides  should  so  ex- 
actly correspond  in  direction. 


February  4,  1846- 

P.  W.  Barlow,  Esq.,  F.R.S.,  and  Dr.  George  Buist  were  elected 
Fellows,  and  M.  F.  Dubois  de  Montpereux  of  Neuch&tel  a  Foreign 
Member  of  the  Society. 

The  following  communications  were  read  : — 

1.  Observations  upon  Sternbergi^.    By  John  S.  Dawes,  Esq., 

F.G.S. 

This  communication  had  reference  to  the  remarks  offered  by  Mr. 
Dawson  in  his  memoir,  read  at  the  last  Meeting  of  the  Society,  on 
Fossils  from  the  Carboniferous  Rocks  of  Nova  Scotia«  The  author 
does  not  agree  in  the  conclusion  of  Mr.  Dawson,  that  herbaceous 
Endogens  may  sometimes  have  produced  the  columnar  forms  usually 
referred  to  the  pith  of  coniferous  and  other  large  trees.  He  thinks 
that  although  the  appearance  in  question  may  indicate  that  the  fossil 


140  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

is  Dot  that  of  a  true  Dicotyledon,  it  must  still  have  been  the  interior 
cellular  portion  of  an  arborescent  plant  like  Lepidodendron,  the 
supposed  bark  being  the  vascular  system  or  sheath  surrounding  the 
pith,  which  has  adhered  during  decay  to  the  medullary  column,  and 
sometimes  become  changed  into  cosd.  Examples  of  this  condition 
were  exhibited. 


2.  On  the  Tertiary  Formations  of  the  Islk  of  Man.     By  the 
Rev.  J.  G.  Gumming,  M.A. 

[This  memoir  forms  the  second  part  of  the  author's  communica- 
tion on  the  Geology  of  the  Isle  of  Man.  It  is  unavoidably  post- 
poned till  the  next  number  of  the  Journal.] 


HI 


PROCEEDINGS 

AT  THE 

ANNUAL  GENERAL  MEETING, 

26th  FEBRUARY,  1846. 


Award  of  the  Wollaston  Medal  and  Donation  Fund. 


After  the  Reporta*  had  been  read,  and  before  delivering  the 
Medal  to  Dr.  Fitton  to  forward  to  Mr.  Lonsdale,  the  President 
said: — 

Gentlemen, — ^You  have  been  informed  that  the  Council  have 
awarded  the  Wollaston  Palladium  Medal  and  the  proceeds  of  the 
Donation  Fund  for  the  present  year  to  Mr.  William  Lonsdale,  for  his 
many  valuable  contributions  to  Geological  science,  and  more  espe-* 
daily  for  his  descriptions  of  the  Corals  in  the  Silurian  System  and 
Devonian  Rocks,  for  his  late  report  in  the  first  volume  of  our  Journal 
on  the  Corab  from  the  Tertiary  formations  of  North  America,  and  for 
his  description  of  the  Corals  from  the  Palaeozoic  formations  of  Russia. 

It  would  have  been  gratifying  to  you  all,  as  I  am  sure  it  would 
have  been  to  myself,  to  have  seen  our  old  and  valued  friend  present 
in  this  room,  to  receive  this  acknowledgement  of  the  high  estimation 
in  which  he  is  held  by  that  Society  with  which  he  was  so  long  con- 
nected, and  of  the  great  value  they  attach  to  his  important  zoologi- 
cal and  paheontological  researches  since  his  retirement  But,  I  am 
sorry  to  say,  it  is  the  state  of  his  health  which  prevents  his  being 
here ;  and  I  fear  there  is  too  much  reason  to  believe  that  his  strength 
would  scarcely  have  been  equal  to  the  exertion  and  excitement  of 
eoming  to  London  on  such  an  occasion.  But  I  cannot  help  sus- 
pecting that  another  cause  has  not  been  wholly  inoperative, — I  mean 
that  singular  modesty,  that  unwillingness  to  bring  himself  forward, 
which,  while  it  adds  a  grace  and  dignity  to  his  character  in  the  eyes 
of  those  who  know  him  best,  conceals  from  many  his  great  accomplish- 
ments as  a  man  of  science,  and  his  powerful  and  original  mind.  His 
absence  therefore,  in  one  sense,  is  not  to  be  regretted ;  for  it  enables 
me  to  give  utterance  to  expressions  which  I  could  not  have  ventured 
to  use  in  his  presence,  from  the  certain  knowledge  that  in  doing  so 
I  should  have  given  him  pain. 

Mr.  Lonsdale  was  elected  Curator  of  our  Museum  in  1829;  he 
was  well  known  by  many  to  possess  qualities  that  eminently  fitted 
him  for  the  office,  and  early  in  the  spring  of  that  year  he  had  con- 

*  These  Reports,  &c.  are  inserted  at  the  commencement  of  the  present  volume 
itf  the  Proceedings  and  Journal. 
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tributed  an  important  paper  <'  On  the  Oolitic  District  of  Bath," 
which  is  published  in  the  third  volume  of  the  second  series  of  our 
•  Transactions/  He  was  not  at  that  time  a  Fellow  of  the  Society, 
and  the  paper  was  communicated  by  Dr.  Fitton,  who  has  been  re- 
quested by  his  friend  to  attend  this  day  as  his  representative.  In 
18S2  the  Council,  perceiving  that  the  incessant  labour  and  close 
confinement  to  which,  notwithstanding  every  remonstrance  on  their 
part,  he  subjected  himself  in  the  service  of  the  Society,  imposed  a 
duty  upon  him,  the  performance  of  which  they  hoped  might  reno- 
vate his  health,  by  awarding  to  him  the  proceeds  of  the  Donation 
Fund  of  that  year,  with  a  request  that  he  would  *'  in  the  ensuing 
summer  continue  his  researches  in  the  oolitic  formations,  and  en- 
deavour to  detect  the  variations  of  mineral  and  zoological  characters 
which  mark  that  series  in  its  range  to  the  north  of  England."  He 
complied  with  the  request,  and  in  the  following  December  he  com- 
municated hb  observations  in  a  paper  entitled  "  Report  of  a  Survey 
of  the  Oolitic  Formations  of  Gloucestershire."  He  continued  these 
researches  in  1 836,  when  he  was  again  urged  to  travel  for  the  sake 
of  health ;  but  although  every  one  else,  in  all  probability,  would 
have  found  the  results  of  his  observations  highly  valuable,  he  did 
not  himself  consider  them  sufficiently  so  to  lay  them  before  the  So- 
ciety in  any  written  communication :  all  that  we  have  obtained  of 
them  is  a  donation  he  has  just  made  to  us  of  several  sheets  of  the 
Ordnance  Map,  on  which  he  has  marked  his  observations  during  a 
series  of  oblique  traverses,  from  the  limit  of  his  survey  in  1832  to 
the  Humber.  His  devotion  to  the  affairs  of  the  Society  lefl  him 
little  leisure  for  work  in  the  field,  but  his  mind  was  always  directed 
to  researches  in  our  Museum,  especially  in  departments  of  palaeon- 
tology, in  which  he  knew  that  much  was  to  be  done.  Many  of  those 
who  had  been  working  in  the  field,  and  submitted  to  him  questions 
of  difficulty  in  the  determination  of  the  fossils  they  had  collected, 
must  remember  the  valuable  assistance  he  so  willingly  rendered  them. 
In  March  1840  he  read  a  paper  to  us,  which  he  entitled  ^  Notes  on 
the  Age  of  the  Limestones  of  South  Devonshire,"  containing  some 
new  and  curious  results,  the  fruit  of  minute  and  careful  examina- 
tions of  the  fossils  in  these  rocks,  and  constituting  a  very  important 
part  of  that  body  of  evidence  which  led  Professor  Sedgwick  and  Sir 
R.  Murchison  to  propose  that  division  of  the  Palaeozoic  formations, 
which,  adopting  their  term,  we  now  class  as  the  Devonian  system. 

In  1842  the  enfeebled  state  of  Mr.  Lonsdale's  health  compelled 
him  to  resign  the  office  in  the  Society,  which  for  thirteen  years  he 
bad  filled  with  so  much  honour  to  himself  and  advantage  to  us.  He 
retired  to  the  south  of  Devonshire,  devoting  much  time  to  the  living 
eorals  on  that  coast ;  and  some  time  afterwards  removed  to  Bath, 
where  he  now  resides.  So  far  as  his  delicate  health  will  allow,  he 
in  his  retirement  enjoys  repose,  but  not  inglorious  ease ;  for  he  passes 
his  time  in  philosophical  researches  which  materially  advance  the 
science  to  which  a  great  part  of  his  active  life  had  been  devoted. 
The  investigation  of  Fossil  Polyparia  is  the  subject  to  which  his  at- 
tention has  been  directed,  they  having  long  before  been  objects  of 
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special  interest  to  him ;  and  in  this  department  he  has  made  himself 
unquestionably  the  highest  authority  in  England.  He  has  already 
embodied  the  results  of  his  examination  of  fossil  corals  that  hare 
been  submitted  to  him  from  various  parts  of  the  world  in  six  sepa- 
rate communications,  in  which  the  determinations,  whether  generic 
or  specific,  have  been  deduced  from  a  most  diligent  examination  of 
the  component  structures,  and  wliere,  with  his  characteristic  fidelity 
and  modesty,  he  has  shown  a  careful  regard  to  the  labours  of  others, 
so  far  as  their  works  were  accessible  to  him.  These  communications 
have  been, — 1st,  On  Six  Species  from  the  Upper  Cretaceous  Beds 
of  New  Jersey ;  2ndly,  On  Ten  Species  from  the  Miocene  Tertiary 
Formations  of  North  America ;  Srdly,  On  Twenty-six  Species  from 
the  Eocene  Tertiary  Formations  of  the  same  country ;  4thly,  On  Six 
Species  from  the  Palaeozoic  Formation  of  Van  Diemen's  Land,  in 
the  Appendix  to  Mr.  Darwin's  work  on  Volcanic  Islands ;  5thly, 
On  the  Corals  of  the  Palaeozoic  Series  of  Australia  and  Van  Diemen*8 
Land,  in  the  work  of  Mr.  Strezlecki;  and  6thly,  On  some  clia- 
racteristic  Palaeozoic  Corals  of  Russia,  in  the  Appendix  to  the  first 
volume  of  Sir  Roderick  Murchison's  great  work  on  that  country. 
His  contributions  to  the  works  of  Mr.  Darwin  and  Mr.  Strezlecki 
are  peculiarly  interesting,  as  being  the  first  descriptions  of  corals 
from  the  palaeozoic  rocks  of  the  southern  hemisphere,  some  of  which 
are  at  present  peculiar  to  Australia. 

Turning  then  to  Dr.  Fitton,  the  President  continued, — I  am 
happy  to  place  in  your  hands,  for  your  friend,  this  Medal,  and  this 
other  part  of  the  Award;  for  no  one  better  knows,  or  is  more  ca-- 
pable  of  appreciating,  the  great  scientific  attainments  of  Mr.  Lons* 
dale;  nor  can  any  one  be  more  thoroughly  acquainted  with,  or 
more  justly  estimate  his  high  moral  qualities. 

On  receiving  the  Medal  Dr.  Fitton  replied  on  the  part  of 
Mr.  Lonsdale : — 

Sir, — I  have  been  requested  by  Mr.  Lonsdale,  on  receiving  from 
your  hands  the  Medal  which  the  Council  of  the  Society  has  awarded 
to  him,  to  express  to  you  and  to  the  Society  his  deep  sense  of  the 
honour  which  this  mark  of  vour  approbation  conveys ;  and  if  I  were 
to  act  under  the  impulse  of  his  own  feeling,  I  believe  that  I  should 
be  called  upon  to  add,  that  you  have  overrated  his  merit.  But 
I  cannot  allow  myself  to  go  so  far,  even  as  the  representative  of  my 
friend,  since  I  firmly  believe  that  the  Society  will  have  but  one  opi- 
nion upon  this  subject,  and  that  the  honour  is  most  justly  bestowed. 

In  the  paper  by  which  the  Donation  entrusted  to  us  by  Dr.  WoU 
laston  was  announced  (or  rather  his  "  Beqttesty'*  for  it  was  one  of  the 
last  acts  of  his  life),  the  illustrious  donor  appears  to  have  foreseen 
that  in  the  allotment  of  its  produce,  personal  attachment  might  pos- 
sibly influence  our  judgement  in  favour  of  our  officers  who  distin- 
guish themselves  in  the  discharge  of  their  duties ;  for  while  he  leaves 
to  the  Council  the  disposal  of  the  fund,  "  in  such  a  manner  as  shall 
appear  conducive  to  the  interests  of  the  Society  in  particular,  or  of 
|he  Science  of  Geology  in  general,*'  he  has  expressly  added,  that 
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*^  this  latter  application  of  it,  to  the  purposes  of  science,  will  in  hb 
opinion  be  most  creditable  to  the  Council.**  I  am  therefore  happy 
that  circumstances,  in  a  great  measure  accidental,  have  delayed  the 
award  of  this  Medal  to  Mr.  Lonsdale  till  some  years  after  his  retire- 
ment from  office  ;  and  that  during  that  interval  the  new  and  addi- 
tional claims  arising  from  his  productions  have  been  such  as  to  de- 
mand this  decision  as  an  act  of  strict  judicial  duty,  obviously  inde- 
pendent of  the  gratitude  and  attachment  which  all  those  who  have 
known  him  justly  entertain. 

You  have,  Sir,  clearly  stated  the  specific  grounds  upon  which  the 
adjudication  has  been  made ;  and  I  shall  not  presume  to  make  any 
addition  to  a  recital  which  comes  with  appropriate  effect  from  the 
Chair :  but  having  been  so  fortunate  as  to  have  had  a  share  in  the 
arrangements  which  first  connected  Mr.  Lon^Iale  with  this  institu- 
tion, and  having  since  had  full  opportunities  of  observing  the  impress 
which  his  labours  here  received  from  his  peculiar  character  and 
talents,  during  no  less  than  thirteen  years,  I  feel  that  I  am  called 
upon  to  express  my  conviction,  that  there  never  was  an  officer  in 
the  service  of  any  public  institution  whose  duties  were  fulfilled  with 
greater  efficiency  or  more  beneficial  results. 

Of  his  skill  and  acquirements  in  some  of  the  departments  of  na- 
tural science  to  which  you  have  just  referred,  I  am  not  qualified  to 
judge ;  but  I  may  perhaps  be  allowed  to  say,  that  in  the  range  and 
soundness  of  his  Geological  views,  and  in  exact  acquaintance  with 
the  facts  hitherto  brought  to  light  respecting  the  structure  of  the 
earth,  few  indeed  of  our  number  go  beyond  him.  It  was  no  won- 
der that  with  such  a  man  to  conduct  the  business  of  our  Society,  mat- 
ters should  go  well ;  and  for  what  was  done  during  the  years  from 
1829  to  1 842, 1  refer  to  our  *  Transactions/  and  to  the  *  Proceedings' 
which  record  our  daily  progress.  Who  that  is  acquainted  with  the 
facts  there  stated  will  hesitate  to  say,  that  the  suggestions  of  a  man 
of  Mr.  Lonsdale's  attainments,  given  at  all  times  with  cheerfulness 
and  alacrity,  and  with  a  judgement  which  no  difficulty  or  pressure 
of  business  could  disturb,  were  of  the  greatest  advantage  to  the 
inquirers  whose  papers  were  read  at  our  meetings  during  that 
important  period  in  our  history  ? — I  appeal  with  confidence  to  many 
of  those  by  whom  I  am  surrounded  for  the  answer  to  this  question ; 
and  I  venture  to  say,  that,  without  reference  to  his  own  specific 
publications,  the  services  thus  rendered  by  Mr.  Lonsdale  to  Gtologyy 
while  he  seemed  to  be  merely  discharging  his  duties  here,  were  of 
incalculable  benefit  to  our  science  in  the  best  sense  of  the  word, 
and  deserving  of  high  reward. 

Mr.  Lonsdale's  profession  before  we  became  acquainted  with  him 
had  been  that  of  a  soldier.  He  brought  with  him  into  our  service 
some  of  the  best  qualities  of  the  military  character, — singleness  of 
purpose,  the  strongest  sense  of  duty  and  subordination,  with  such 
devoted  energy  in  the  performance  of  whatever  he  undertook,  as  too 
often  led  him  to  exertions  beyond  his  strength.  His  spirit  '*  no  la- 
bours could  have  tired,**  but  the  ''  frame  of  adamant*'  was  wanting. 
Under  these  unsparing  efforts  his  constitution  at  last  broke  down, 


ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  145 

aod  he  was  obliged  to  resign  his  office,  in  such  a  state  of  health  tHat 
little  hope  was  entertained  of  his  recovery.  But  he  has  revived ;  and 
restored  to  the  power  of  moderate  exertion,  he  has  returned  to  the 
inquiries,  some  of  which  have  this  day  obtained  your  approbation. 
He  desires  me  to  tell  you,  that  while  strength  remains  to  him  he  will 
continue  to  pursue  those  inquiries.  He  bids  me  also  to  assure  you, 
that  his  retirement  will  be  cheered  and  enlightened  by  Ihb  proof 
that  he  is  remembered  here ;  and  that  you  will  have  added  essen- 
tially to  the  enjoyment  of  his  remaining  life.  I  have  witnessed  often 
what  he  suffered  in  our  service.  He  will  now  feel  that  those  days 
of  toil  and  nights  without  repose, — the  drops  of  life  drawn,  from  his 
▼ery  heart, — were  not  expended  in  vain. 


After  the  other  proceedings  had  been  completed,  and  the  Officers 
and  Council  elected,  the  President  proceeded  to  address  the  meeting. 


ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT, 
LEONARD  HORNER,  Esq.,  r.R.S.  L.&E. 

Gentlemen, — I  congratulate  you  on  the  very  satisfactory  report 
which  you  have  this  day  received  from  your  Council  on  the  present 
state  of  the  Society.  The  number  of  our  Fellows  is.  greater  than  it 
was  at  the  last  Anniversary ;  and  while  we  lament  the  loss  of  several 
of  our  Ordinary  members,  we  have  this  consolation,  that  we  do  not 
namber  among  them  any  of  those  known  to  the  world  as  active  pro- 
moters of  our  science ;  and  that  we  have  replaced  our  losses  not  only 
numerically,  but  with  increased  strength. 

Although  the  active  duties  of  a  physician  in  great  practice,  ren- 
dered still  more  laborious  to  him  by  the  large  portion  of  his  valuable 
time  which  he  each  day  devoted  to  the  relief  of  the  sick  poor,  lefl  little 
leisure  to  my  old  and  excellent  friend  Dr.  James  MacDonnell  of 
Belfast  for  the  active  pursuit  of  science,  I  cannot  allow  this  occasion 
to  pass  without  paying  a  tribute  to  his  virtues,  and  to  the  ardent,  I 
may  say  enthusiastic  interest  he  took  in  the  advancement  of  science, 
and  especially  in  the  great  general  views  of  Geology.  His  known  at- 
tachment to  the  objects  of  our  pursuit  pointed  him  out  in  the  early 
days  of  the  Society  as  well-worthy  of  being  enrolled  in  the  list  of  its 
honorary  members ;  and  all  who  went  to  study  the  very  interesting 
geologiced  structure  of  the  north  of  Ireland,  and  visited  Belfast,  were 
sure  to  receive  from  Dr.  MacDonnell  a  most  hospitable  welcome, 
and  much  valuable  information.  He  died  last  November,  at  the  ad- 
vanced age  of  82 ;  but,  as  I  can  testify  by  a  letter  I  received  from 
him  a  few  weeks  before  his  death,  continuing  a  keen  geologist  to 
the  last.  Not  many  months  previous  he  asked  me  to  complete  for 
him  his  series  of  our  Transactions,  looking  forward  to  much  enjoy- 
ment from  reading  them  during  the  confinement  to  his  room  that 
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then  appeared  in  prospect  In  1810  he  made  a  short  communica- 
tion to  this  Society  on  the  remarkable  circumstance  of  nuts  with 
their  shells  quite  entire,  yet  filled  with  calcareous  spar,  found  in  a 
stratum  of  submarine  peat  in  Belfast  Lough ;  and  in  1811,  another 
notice  on  granite  veins  penetrating  slate  in  the  Moume  mountains 
in  the  County  of  Down. 

Theodore  Monticelli  of  Naples,  the  Foreign  Member  whom 
we  have  lost,  was  born  in  1759,  in  the  celebrated  city  of  Brundu- 
sium,  the  modem  Brindisi.  He  was  educated  in  the  Benedictine 
College  at  Rome,  in  which  Chiaramonte,  afterwards  Pius  VII.,  was 
then  a  professor,  and  where  he  made  so  much  progress  in  his  ma- 
thematical studies  as  to  be  able,  while  yet  a  very  young  man,  to  de- 
liver a  course  of  lectures  on  Natural  Philosophy  at  Naples.  In  1792 
he  was  elected  Professor  of  Ethics  in  the  University  there,  but  soon 
after,  getting  involved  in  the  political  troubles  of  that  time,  he  was 
thrown  into  prison,  and  was  confined  six  years.  When  he  recovered 
his  liberty  in  1 800  he  went  to  Rome,  where  he  was  very  kindly  re- 
ceived by  his  old  tutor,  by  that  time  raised  to  the  Popedom ;  and 
some  years  afterwards  he  was  nominated  by  Napoleon  to  be  em- 
ployed with  others  in  the  re-establishment  of  the  University  and 
Academy  of  Sciences  of  Naples,  of  which  latter  body  he  was  in  1808 
elected  Perpetual  Secretary. 

He  about  this  time  directed  his  attention  with  great  earnestness 
to  the  study  of  Vesuvius,  forming  a  very  rich  collection  of  its  pro- 
ducts. He  contributed  many  memoirs  to  the  Academy,  in  which 
he  described  the  active  volcanic  phaenomena,  which  he  watched  with 
unceasing  assiduity,  their  modern  products,  and  those  of  the  earlier 
history  of  that  celebrated  mountain.  In  1813  he  published  an  ae^ 
count  of  a  great  eruption  of  that  year,  which  he  dedicated  to  Sir 
Humphry  Davy,  with  whom  he  was  intimately  acquainted ;  and 
Davy,  during  his  residence  at  Naples  some  years  afterwards,  studied 
the  structure  and  phaenomena  of  Vesuvius  under  his  guidance. 
Some  years  afterwards  Monticelli  published  his  *  Storia  de'  fenomeni 
osservati  nelle  eruzioni  del  Vesuvio,'  and  in  1825,  in  conjunction 
with  Covelli,  his  <  Prodromo  della  Mineralogia  Vesuviana,'  which 
deservedly  added  to  his  reputation.  In  1827  he  was  one  of  a  com- 
mittee appointed  by  the  Academy  to  draw  up  a  geological  descrip- 
tion of  the  island  of  Ischia ;  a  work  which  was  accomplished,  and 
illustrated  by  several  topographical  and  geological  maps,  but  which 
has  not  yet  been  published*  He  also  drew  up  for  the  Academy  a 
memoir,  which  was  printed  in  Latin,  entitled  *  Commentarius  in 
agrum  Puteolanum  Camposque  Flegraeos.'  He  continued  to  the  last 
an  ardent  cultivator  of  science,  and  died  Secretary  of  the  Academy, 
having  filled  the  office  thirty-seven  years.  He  was  alive  during  the 
Scientific  Congress  at  Naples  last  September,  but  was  too  infirm  to 
take  a  part  in  its  proceedings.  He  was  living  in  retirement  at  his 
favourite  Pozzuoli,  and  in  the  month  of  October,  when  a  few  friends 
had  assembled  to  celebrate  his  87th  birthday,  he  was  seised  at  dinner 
with  apoplexy,  which  terminated  his  existence. 
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The  vacancy  in  our  list  of  Foreign  Members  (so  wisely  restricted 
to  a  limited  number)  occasioned  by  the  death  of  Signer  Monticelli, 
you  have  worthily  fiUed  up  by  the  election  of  M.  Dubois  de  Mont- 
pereux  of  Neuohatel,  whose  merits  as  a  geologist  are  of  the  highest 
order,  as  he  has  fully  shown  in  his  great  work  on  the  Caucasus  and 
the  adjacent  lands.  But  it  is  unnecessary  for  me  to  dwell  on  his 
just  claims  to  the  honour  you  have  conferred  on  him,  for  you  will 
find  them  ably  set  forth  by  Sir  R.  Murchison  in  his  Anniversary 
Addrew  of  1843*. 


When  we  review  the  year  that  has  passed,  we  have  the  satisfao- 
tion  of  feeling  that  the  science  we  cultivate  has  made  some  import* 
ant  steps  in  advance,  and  that  our  Society  maintains  itself  in  undi-i 
roinished  vigour.  Our  pursuits  become  more  and  more  objects  of 
interest  among  all  educated  classes ;  and  the  works  of.  some  of  our 
present  most  active  Members  have  largely  contributed  to  make 
geological  inquiries  attractive  to  those  higher  minds  which  recoil 
from  vague  unsubstantial  speculations,  and  to  the  establishment  of 
the  sound  philosophical  views  in  the  history  of  the  earth's  structure, 
which  have  raised  Geology  to  the  rank  of  an  exact  science  in  some 
of  its  most  important  fundamental  truths. 

We  have  had  no  meeting  without  some  valuable  communication, 
Dor  without  instructive  conversations  on  the  subjects  of  the  papers 
read.  I  regret  that,  in  those  discussions,  our  younger  Members  do 
not  more  frequently  take  a  part ;  I  do  not  doubt  that  they  are  in- 
fluenced by  a  desire  of  rather  listening  to  those  they  look  up  to  as 
the  established  authorities,  the  great  doctors  of  our  laws,  whose 
opinions  we  are  accustomed  to  hear  delivered  to  our  great  benefit 
on  those  occasions ;  but  I  am  sure  I  speak  the  sentiments  of  all  the 
senior  Members  when  I  say,  that  nothing  would  give  them  greater 
pleasure  than  to  see  those  coming  forward  who  are  to  constitute  the 
future  life  and  strength  of  the  Society. 

Library  and  Museum. 

By  the  financial  statements  in  the  Councirs  report  you  have 
kamed,  that,  after  providing  amply  for  the  salaries  of  our  offi* 
cers  and  the  other  branches  of  ordinary  expenditure,  and  after 
setting  aside  a  considerable  sum  to  be  laid  out  on  our  Library,  the 
Council  will  have  at  their  disposal  a  large  surplus,  to  be  expended 
on  publications,  the  way  of  all  others  by  which  the  Society  can 
render  mott  service  to  the  science  we  cultivate.  The  improvements 
which  have  been  made  in  our  Library  during  the  last  year,  and  the 
excellent  classed  Catalogue  of  our  books  and  maps  prepared  by  our 
Vioe-Secretary,  which  may  very  shortly  be  in  the  possession  of 
every  Fellow,  and  the  first  five  sheets  of  which  are  now  on  your 
table,  will  render  that  part  of  our  establishment  far  more  valuable 
than  it  has  hitherto  been,  and  will  lay  open  treasures  which  few  of 
the  Fellows,  probably,  are  aware  that  they  possess. 
*  Proceedings  of  the  Geol.  Soc.  iv.  108. 
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Exoelkiit  for  the  parpcuiie?  of  stodj  as  manT  parts  of  the  odlec- 
tioDs  in  our  Moseam  are  at  preseot.  I  do  not  doubc  that  before 
BaoT  months  elapse  they  will  be  reodered  still  more  raloable  by 
the  plans  which  the  Cooocil  are  now  canying  into  execution.  Onr 
fpecimens  of  the  suite  of  formatioos,  with  the  foasil  contents  of  eacht 
aaid  of  the  Tanous  igneous  rocks  in  the  British  Isles,  will  be  ren- 
dered more  complete  and  accessible.  The  present  arrangements  for 
the  foreign  specimens  we  possess  hare  profed  inconvenient  from 
the  great  extent  of  cabinet-room  they  occupy,  and  from  the  difficulty 
of  keeping  them  in  order  without  more  attendants  than  we  can 
afford  to  employ.  The  Council  have  not  yet  determined  how  our 
▼aluable  collections  illustrative  of  foreign  geology  may  be  most 
usefully  arranged,  consistent  with  the  means  we  possess  of  preser- 
Ting  that  degree  of  order  which  is  indispensable  for  the  due  effi- 
ciency of  an?  plan. 

It  is  a  part  of  the  general  scheme  contemplated  for  the  Museum  to 
have  a  full  Catalogue  for  each  formation  or  principal  group,  of  all 
the  known  foMils  belonging  to  it.  and  of  the  lithological  charac- 
ters of  its  prevailing  rocks,  both  British  and  foreign,  distinguishing 
the  icpecimens  in  the  possession  of  the  Society,  and  containing  a  list 
of  all  the  works  and  memoirs  that  treat  especially  of  the  particular 
group;  so  that  any  one  desirous  of  studying  it  may  find  in  the 
rooms  of  the  Society  all  the  information  that  has  been  brought  to 
light  respecting  the  group.  When  each  is  successively  completed, 
as  far  as  it  is  possible  by  the  means  at  the  disposal  of  the  Council, 
tt  is  to  be  hoped  that  the  Fellows  will  carefully  examine  these  Cata- 
logues, and  not  only  hasten  to  supply  the  deficiencies,  both  in  spe- 
cimens and  books,  which  they  will  in  several  departments  most  as- 
furedly  find,  but  will  offer  such  suggestions  for  improvement  as  their 
•everal  experience  and  opportunities  may  enable  them.  By  such 
union  of  strength,  and  such  active  co-operation  of  the  Fellows,  far 
more  will  be  accomplished  than  is  possible  by  the  unaided  efforts  of 
the  most  active  Council  and  the  most  zealous  officers. 

You  are  probably  all  acquainted  with  the  valuable  work  of  Mr. 
Morris, — his  '  Catalogue  of  British  Fossils.'  To  have  rendered  that 
work  complete,  Mr.  Morris  would  gladly,  I  have  no  doubt,  have 
given  a  figure  of  each  species ;  but  it  would  have  involved  so  great 
an  outlay  of  capital,  and  enhanced  the  price  so  much,  that  no  pro- 
bable sale  would  ever  have  saved  him  from  great  pecuniary  loss.  To 
render  this  Catalague  more  useful  in  our  Museum,  I  am  now  pre- 
paring, with  the  assistance  of  Mr.  Morris,  an  illustrated  copy  of  it, 
which  we  intend  to  present  to  the  Society.  We  take  the  figures 
from  every  authentic  source,  by  cutting  up  the  plates  of  works  in  our 
own  possession  or  contributed  by  those  who  are  willing  to  assist  us. 
I  have  this  day  laid  upon  the  table  for  your  inspection  the  first 
volume  of  our  joint  work,  containing  the  Conchifera  ZHmyaria^ 
Ccnchifera  Monomyaria^  Rudistes  and  Braehicpodoj  as  a  specimen 
of  what  is  intended ;  and  it  will  be  proceeded  with  as  quickly  aa  oar 
opportunities  wiU  enable  us. 
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Quarterly  Journal  of  the  Geological  Society, 

The  establishment  of  our  Quarterly  Journal  has  unquestionably 
been  the  great  feature  in  the  past  year.  In  the  earlier  days  of  the 
Society,  and  for  a  period  of  twenty  years,  our  *  Transactions  *  were 
the  only  vehicle  by  which  the  papers  read  before  us  were  commu- 
nicated to  the  public.  These,  by  their  form  and  the  nature  of  the 
illustrations,  bore  so  heavily  upon  our  finances,  that  a  volume,  or 
even  a  part  oi  a  volume,  could  be  published  only  at  distant  inter- 
vals. To  remedy,  in  some  degree,  the  great  evil  of  delay,  the 
Proceedings  were  instituted  in  1827  ;  and  they  form  a  valuable  re- 
cord of  the  history  of  the  Society,  and  of  the  progress  of  Geology 
for  the  last  eighteen  years.  But  in  order  to  avoid  an  inconvenient 
and  even  injurious  effect  upon  the  sale  of  our  Transactions,  the  Pro- 
ceedings consisted  of  very  brief  abstracts  of  the  papers,  and  being 
without  illustrations,  in  many  instances  they  conveyed  a  very  im- 
perfect idea  of  the  nature  and  value  of  the  memoir.  But  the  great 
delay  in  the  publication  of  memoirs  in  full,  robbing  authors  in  some 
instances  of  the  honour  of  priority  in  discovery,  the  uncertainty 
when  a  paper  that  had  been  read  would  be  published,  and  even  the 
doubt  that  was  sometimes  raised  whether  it  would  ever  appear,  very 
materially  diminished  the  usefulness  of  the  Society,  and,  there  is  too 
much  reason  to  believe,  cooled  the  zeal  of  many  of  our  Members, 
and  forced  them  to  send  their  memoirs  elsewhere.  In  a  progressive 
science  like  Geology,  with  so  many  active  cultivators  of  it  in  every 
part  of  the  world,  rapidity  of  publication  is  of  the  first  importance, 
that  geologists  may  speedily  know  what  has  been  done  and  is  doing 
by  others;  thus  affording  information  for  their  guidance,  not  only 
as  to  what  their  attention  should  be  directed,  but  to  save  them  from 
throwing  away  time  and  labour  on  what  had  been  already  done. 
A  minority  of  papers  may  be  perfectly  well  given  in  the  octavo  form, 
DOW  that  the  great  improvements  of  late  years  make  it  possible  to 
have  distinct  and  accurate  illustrations  by  woodcuts,  lithographs,  and 
zincographs,  upon  a  page  of  that  size.  By  the  adoption  of  a  Journal 
appearing  at  regular  periods  and  at  short  intervals,  rapidity  of  pub- 
lication is  secured,  and  with  the  exception  of  papers  requiring  il- 
lustrations that  can  only  be  adequately  given  in  a  larger  form, 
memoirs  will  in  general  appear  within  six  months  of  their  having 
been  read  at  tlie  meetings,  and  sometimes  even  more  speedily. 

But  the  institution  of  the  Journal  has  enabled  the  Council  to  ex- 
tend the  usefulness  of  the  Society  by  the  addition  of  what  is  called 
the  "  Miscellaneous  Part."  The  diffusion  of  the  Society's  publica- 
tions must  always  be  mainly  among  our  own  countrymen,  among 
those  interested  in  geological  inquiries  at  home  and  in  our  colonies, 
and  among  our  transatlantic  brethren,  speaking  the  same  language 
as  ourselves.  Geology  now  embraces  so  wide  a  sphere  of  inquiry 
and  is  so  actively  cultivated  in  almost  every  part  of  the  civilized 
world,  that  each  year  gives  birth  to  works  of  the  highest  interest, 
greater  in  number  than  the  most  diligent  can  overtake,  even  among 
those  whose  whole  time  is  devoted  to  the  science,  unless  they  con- 
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fioe  themselves  to  particular  departments*  Besides,  we  all  know 
how  difficult  it  is,  even  in  London,  to  see  the  Transactions  of  foreign 
bodies,  and  especially  scientific  journals ;  and  we  surely,  therefore, 
render  a  great  service  to  the  readers  of  our  Journal,  especially  to 
our  own  countrymen,  by  serving  up  to  them  some  of  the  more  chotoe 
exotic  fruits  of  the  year, — some  of  the  more  valuable  papers  pub- 
lished in  foreign  countries ;  and  by  giving  such  notices  of  what  Is 
going  on  abroad  as  must  be  interesting  to  every  geologist,  tc^ethw 
with  lists  of  new  books  and  memoirs.  While  we  carefully  adhere 
to  our  fundamental  rule,  applicable  to  this  as  well  as  to  every  other 
form  of  our  publications,  viz.  that  the  Society,  as  a  body,  neTer  ex- 
presses an  opinion,  I  cannot  imagine  any  possible  way  in  which  the 
Miscellaneous  FVtrt  of  the  Journal  can  compromise  either  the  cha* 
racter  or  proper  dignity  of  the  Society.  To  show  how  scrupulous 
the  Council  have  been  in  the  enforcement  of  the  above  rule,  I  may 
state,  that  when  it  was  lately  determined  that  the  Journal  was  to  be 
carried  on  on  our  own  account,  they  instructed  our  Vice-Secretary, 
the  Editor  of  the  Journal,  to  abstain  from  the  expression  of  his  own, 
or  any  other  contributor's  individual  opinion,  in  any  analysis  of  a 
book  or  memoir  he  may  insert  in  the  Journal,  lest,  by  implicatioo, 
the  Society  might  be  understood  to  pass  a  judgement.  Further,  they 
have  thought  it  advisable,  for  the  same  reason,  to  direct  that  no  ana- 
lysis of  an  English  work  be  given,  but  simply  an  announcement  of 
its  contents. 

I  have  been  induced  to  make  the  preceding  remarks  on  the  Mia* 
cellaneous  Part  of  the  Journal,  because  I  have  heard  opinions  differ- 
ing from  those  on  which  the  Council  have  acted,  expressed  by  some 
Fellows  of  the  Society,  for  whose  judgements  I  entertain  great  re- 
spect, who  have  said  that  it  is  a  great  innovation  upon  established 
<;ustom,  a  departure  from  a  sound  principle,  for  a  Society  to  publiab, 
under  its  authority,  anything  beyond  that  which  properly  belongs  to 
it  as  an  integral  part  of  its  own  proceedings.  As  the  great  purpose 
of  our  association  is  to  promote  the  advancement  of  geological  sci- 
ence, if  a  deviation  from  established  custom  will  further  that  end»  it 
is,  in  my  opinion,  both  justifiable  and  expedient.  If  we  review  the 
history  of  the  Society,  we  shall  find  a  succession  of  such  innovations 
upon  established  usages :  the  very  institution  of  it  was  held  by  the 
then  President  of  the  Royal  Society  as  a  dangerous  encroachment 
upon  the  province  of  that  body ;  and  under  his  influence  one  of  our 
chief  founders  withdrew.  The  governments  of  societies,  like  the 
governments  of  nations,  to  be  wise,  must  mark  the  effects  and  meet 
the  demands  of  improved  and  extended  knowledge ;  although  a  main 
prop  had  been  removed,  the  new  structure  was  not  in  the  least 
shaken ;  its  foundations  were  strengthened,  and  it  has  stood  firm  on 
that  rock  ever  since ;  subject  only  to  this  change,  that,  like  other 
rocks,  by  gradual  elevatory  movements  it  now  occupies  a  higher 
level,  to  be,  I  trust,  still  further  uplifted.  The  cultivators  of  other 
departments  of  science  in  I^ondon,  following  our  example,  instituted 
the  Astronomical,  the  Zoological,  the  Geographical,  and  many  other 
societies,  all  of  which  have  proved  that  the  productive  and  perfectiire 
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powers  of  the  principle  of  the  division  of  labour  are  as  conspicuous 
in  science  as  they  are  in  manufactures.  I  am  tempted  to  enume- 
rate some  more  of  our  innovations,  because  the  wisdom  of  them 
has  been  proved,  not  only  in  our  own  body,  but  by  their  having 
been  adopted  by  other  societies :  the  change  of  presidency  from  a 
virtually  perpetual  to  a  biennial  office — the  removal  of  all  forma- 
lity more  than  is  necessary  for  the  conduct  of  business  at  our  ordi- 
nanr  meetings,  by  discussions  and  conversations  on  the  papers  read 
•^ihe  social  assembling  afterwards  ;  neither  the  least  agreeable  nor 
the  least  useful  part  of  bur  evenings.  Our  Proceedings  were  first 
published  in  November  1826;  the  first  part  of  the  Proceedings  of 
the  Royal  Society  is  dated  November  1830;  and  the  first  part  of 
the  Compies  Hendus  Hebdomadaires  of  the  Academy  of  Sciences  of 
Paris  bears  the  date  of  August  1835. 

The  Society's  Transactions. 

An  idea  has  been  entertained  that  the  publication  of  our  Transac- 
tions was  to  cease  on  the  institution  of  the  Journal.  Such  a  proposal 
was  never  under  the  consideration  of  the  Council,  and  it  was  always 
intended,  that  when  a  paper  could  only  be  advantageously  given  in 
quarto,  tliat  form  should  be  adopted.  As  the  best  contradiction  of 
the  statement  that  had  gone  forth,  your  Council  of  the  last  year 
commenced  the  publication  of  the  Seventh  Volume  of  the  Trans- 
actions with  three  valuable  papers  by  Mr.  Hopkins,  Mr.  Bain  and 
Professor  Owen. 

But  I  most  not  allow  you  to  suppose  that  all  is  prosperous  with 
us ;  that  nothing  is  wrong ;  or  that  all  the  Fellows  of  the  Society  may 
be  perfectly  satisfied  with  the  efibrts  they  have  made  to  carry  out 
our  common  object.  It  is  my  duty  as  your  President  to  point  out 
defects,  as  well  as  to  put  before  you  the  favourable  side  of  your  af- 
fairs ;  and  I  am  willing  to  hope,  that  it  is  only  necessary  to  state  what 
is  wrong  to  secure  an  immediate  remedy ;  especially  when  I  know 
that  a  complete  remedy  is  in  the  power  of  those  who  have  made  it 
necessary  for  me  to  say  that  all  is  not  as  it  should  be.  I  ascribe 
their  faults  of  omission  to  a  want  of  thought,  and  to  nothing  else. 

From  the  number  of  copies  of  our  Transactions  and  Journal  still 
on  hand,  it  is  manifest  that  a  very  considerable  number  of  the  Fel- 
lows do  not  provide  themselves  with  our  publications.  Now  if  our 
own  Members  do  not  patronize  our  works,  to  whom  can  we  look 
with  more  confidence  ?  We  are  strong  only  by  united  efforts ;  and 
when,  in  the  case  of  the  Journal  especially,  it  is  merely  a  question 
of  a  very  small  annual  sum,  for  which,  be  it  observed,  full  value 
is  given  in  exchange,  the  many  important  memoirs  we  have  pub- 
lished ought  not  to  be  suffered  to  lie  dormant  in  our  stores,  when 
they  might  all  be  put  in  circulation  if  our  own  Members  only  were 
the  purohasers. 
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Geological  Survey  of  Great  Britain  and  Ireland. 

In  his  Anniversary  Address  of  1840,  Dr.  Buekland  adverted  to 
the  recent  e^ttablishment,  by  the  Government  of  that  time,  of  the 
Museum  of  Economic  Geology.  It  not  only  received  encourage- 
ment from  their  successors,  but  has  been  placed  by  them  on  a  more 
enlarged  and  comprehensive  plan.  During  the  last  year  the  Geolo- 
gical Survey  of  Great  Britain  and  Ireland  has  been  transferred  from 
the  direction  of  the  Master  General  of  the  Ordnance  to  that  of  the 
Chief  Commissioner  of  Her  Majesty's  Woods  and  Works ;  and  that 
Survey  and  the  Museum  of  Economic  Geology  are  now  united  un- 
der one  management.  The  establishment  is  supported  by  an  annual 
parliamentary  grant,  which  in  the  last  session  amounted  to  8850/.| 
including  the  Museum  of  Economic  Geology  in  Dublin ;  and  large 
premises  are  about  to  be  built  by  Government  in  a  central  part  of 
the  metropolis  for  the  accommodation  of  the  several  departments,  the 
extension  of  the  Museum,  and  the  accomplishment  of  other  useful 
plans  that  are  in  contemplation.  It  is  a  reproach  to  former  Govern- 
ments that  the  formation  of  such  an  institution  should  have  been 
left  to  recent  times,  in  a  country  deriving  so  much  wealth,  import- 
ance and  power  from  its  mineral  treasures. 

When  we  consider  the  high  qualifications  of  the  officers  selected 
by  the  Government  for  carrying  out  this  scheme,  we  may  look  for- 
ward with  confidence  to  their  rendering  important  services  to  geo- 
logical science,  as  well  as  to  mining  interests,  the  arts  and  manu- 
factures. Sir  Henry  De  la  Beche  is,  as  you  are  aware,  the  Director- 
general  ;  and  his  indefatigable  zeal  and  exertions,  and  above  all  the 
judgement  shown  by  him  in  his  recommendations  of  the  other  officers, 
cannot  be  too  highly  estimated.  Mr.  Andrew  Ramsay  is  Director 
of  the  Survey  of  Great  Britain  ;  Captain  James,  of  the  Royal 
Engineers,  is  Director  of  that  of  Ireland  ;  Professor  Edward  Forbes 
is  Palaeontologist,  and  Mr.  Warrington  Smyth,  Mining  Geologist  for 
the  United  Kingdom ;  and  there  is  reason  to  believe  that  Dr.  Hooker 
will  be  appointed  to  the  department  of  Botany  ♦.  Mr.  John  Phil- 
lips is  engaged  in  the  Survey  of  the  North  of  England,  and  one 
Id^oratory  of  the  Museum  of  Economic  Geology  is  under  the  di- 
rection of  Mr.  Richard  Phillips,  one  of  the  founders  of  this  Society, 
and  another  under  the  direction  of  Dr.  Lyon  Playfair.  There  are 
besides  several  able  officers  in  different  departments. 

You  have  this  day  had  placed  on  your  table  a  most  valuable 
donation  from  Her  Majesty's  Chief  Commissioner  of  Woods  and 
Works,  viz.  twenty- four  sheets  of  the  Ordnance  Map  of  England, 
coloured  geologically,  and  about  thirty  large  plates  of  Sections 
emanating  from  this  establishment.  They  will  go  on  publishing  the 
Maps  of  the  districts,  and  the  Sections  belonging  to  them,  as  the 
Survey  of  each  is  completed.  They  are  to  publish  Memoirs  drawn 
up  by  different  persons  engaged  in  the  Survey,  and  two  volumes  of 
these  are  now  in  the  press,  one  of  them  in  a  very  advanced  state. 

*  Dr.  Hooker's  appointment  has  since  taken  place. 
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They  have  begun  a  series  of  figures  of  fossil  shells,  drawn  and  en- 
graved with  the  utmost  care  ;  and  every  plate  will  be  sold  separately, 
at  a  very  moderate  price. 


For  the  last  eighteen  years  it  has  been  the  custom  for  your  Pre- 
sident at  each  anniversary  meeting  to  read  an  Address,  the  main 
feature  of  which  has  been  a  sketch  of  the  progress  of  Geology  during 
the  preceding  year.  This  plan  was  conceived  and  first  carried  into 
execution  by  our  valued  associate  Dr.  Fitton,  who  for  many  years 
has  been,  and,  I  am  happy  to  say,  still  continues  to  be,  one  of  the 
main  supports  of  this  Society.  It  was  a  plan  calculated  to  be  useful 
in  many  ways  ;  and  the  future  historian  of  the  progress  of  Geology 
will  find  in  the  admirable  addresses  which  have  been  printed,  by 
the  eminent  individuals  who  during  the  above-mentioned  period  have 
occupied  this  chair,  materials  of  the  highest  value.  When  I  passed 
my  eye  over  the  list  of  my  predecessors,  I  saw  at  once  the  difficulty 
of  the  task  before  me ;  and  were  it  allowable  to  shrink  from  the  per- 
formance of  any  of  the  duties  which  devolve  upon  your  President, 
I  would  gladly  have  broken  through  the  established  custom,  from 
the  hopelessness  of  being  able  to  execute  the  task  to  the  satisfaction 
of  my  own  mind  ;  but  I  felt  strongly  that  the  custom  ought  to  be 
maintained,  even  although  the  purpose  should  be  imperfectly  ful- 
filled. 

The  greater  number  of  those  who  have  hitherto  delivered  these 
anniversary  addresses  have  belonged  to  the  fortunate  few  who  have 
been  able  to  devote  a  great  part  of  the  best  period  of  their  lives 
idmost  exclusively  to  Geology.  Such  has  not  been  my  lot ;  1  have 
had  other  duties  to  perform,  which  have  left  me  but  little  leisure  for 
the  active  pursuit  of  science  ;  and  all  I  can  now  attempt  is  to  bring 
before  you  some  of  those  topics  that  appear  to  me  to  possess  most 
general  interest,  or  to  be  steps  in  the  progress  of  Geology,  which 
have  come  under  my  notice  in  the  limited  sphere  of  reading  and  ob- 
servation to  which  my  opportunities  have  extended.  When  we  con- 
sider the  vast  extent  of  the  domain  of  Geology  as  it  is  now  studied, 
that  its  fundamental  principles  are  derived  from  many,  indeed  from 
almost  all  departments  of  natural  history  and  physical  science,  it  is 
not  possible  for  any  one,  although  he  united  the  most  comprehen- 
sive mind  and  varied  attainments  with  indefatigable  industry,  to  take 
even  a  rapid  survey  of  the  progress  of  Geology  in  a  single  year, 
using  the  term  in  its  most  enlarged  sense.  Even  if  we  confine 
ourselves  to  the  more  important  observations  that  have  been  made 
on  the  mineral  structure  of  the  earth,  we  shall  find  that  to  read 
merely  the  published  accounts  of  the  labours  of  the  cultivators  of 
this  branch  of  science,  now  actively  at  work  in  all  parts  of  the  world, 
is  beyond  the  power  of  almost  any  man,  even  if  he  had  no  other 
occupation.  But  even  if  such  an  herculean  task  were  accomplished, 
the  difficulty  would  still  remain  of  compressing  the  general  results 
into  that  space  to  which  an  address  of  this  nature  must  necessarily 
be  confined. 
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The  Memoirs  which  were  read  in  this  room  during  the  past  year, 
to  the  conclusion  of  last  session,  have  already  been  made  known  to  all 
through  the  medium  of  our  Journal ;  and  I  will  not  anticipate  the  con- 
tents of  the  number  which  will  appear  two  months  hence,  and  which, 
in  all  probability,  will  include  all  that  have  been  read,  and  been  or- 
dered by  the  Council  to  be  printed,  up  to  the  end  of  January  ;  a  ra- 
pidity of  publication  hitherto  unexampled  in  the  annals  of  the  Society* 
I  have  no  occasion  therefore  to  do  more  than  allude  very  briefly  to 
what  has  been  read  within  these  walls,  and  I  shall  confine  my  ob^r- 
rations  almost  entirely  to  what  we  have  learned  from  other  works 
published  during  the  last  year.  Four  of  these,  of  pre-eminent  interest, 
are  the  production  of  distinguished  members  of  this  Society — Sir 
Roderick  Murchison,  Mr.Lyell,  Professor  Owen,  Major  Cautley  and 
Dr.  Falconer.  The  'Russia'  of  Sir  R.  Murchison  and  the  *  America' 
of  Mr.  Lyell  are  each  so  rich  in  observations  of  the  highest  value, 
and  embrace  so  many  general  views,  that  even  a  brief  examination 
of  the  most  interesting  subjects  they  treat  of  made  it  impossible  for 
me  to  refer  to  several  other  works  of  great  interest,  without  ex- 
ceeding all  reasonable  bounds.  I  have  been  the  more  inclined  to 
extend  my  remarks  on  the  work  on  Russia,  because  it  is  less  likely, 
from  its  magnitude  and  price,  to  be  in  extensive  circulation. 

It  is  little  more  than  six  years  since  the  publication  of  '  The  Si-* 
lurian  System,'  a  work  containing  the  results  of  several  years  of  the 
most  assiduous  observation,  conducted  with  the  greatest  ability.  The 
appearance  of  this  work  will  ever  be  held  to  form  an  epoch  in  geo- 
logical science ;  and  while  it  has  secured  to  the  author  an  imperish- 
able name,  it  adds  a  lustre  to  this  Society,  in  which  he  may  be  said 
to  have  been  trained.  It  is  so  accurate  in  its  details,  that  a  very 
competent  judge,  who  has  trod,  hammer  in  hand,  over  every  part  of 
the  region,  holds  it  to  be  the  best  piece  of  topographical  geology  in 
our  language.  Of  the  correctness  of  the  descriptions  I  can  speak 
from  personal  experience  during  the  last  summer,  in  a  limited  but 
somewhat  complicated  part  of  the  country.  But  it  is  also  a  cha- 
racteristic feature  of  all  Sir  R.  Murchison's  writings,  that  in  the 
midst  of  his  details,  general  views  are  never  lost  sight  of.  The 
principles  of  classification  of  the  older  of  the  palseozoic  rocks  laid 
down,  and  for  the  first  time,  in  that  work,  have  been  proved  by  the 
subsequent  researches,  both  of  himself  and  of  others,  in  distant  lands, 
to  be  of  the  most  extensive  application.  They  threw  a  fiood  of  light 
over  many  regions  that  had  been  explored  by  the  best  geologists, 
but  were  never  before  rightly  understood  ;  and  the  key  once  placed 
in  their  hands,  geologists  in  all  parts  of  the  world  were  enabled  to 
interpret  and  elucidate  whole  chapters  in  the  earth's  history,  which 
revealed  the  most  unexpected  and  important  truths.  The  almost 
immediate  general  adoption  of  the  term  chosen  by  the  author  for 
his  new  classification  of  the  rocks  in  question,  was  the  most  un- 
equivocal proof  that  he  had  clearly  established  his  case.  It  was 
only  in  1836  that  he  announced  his  adoption  of  the  term  "  Silurian 
System  "  for  that  group  of  distinct  formations  into  which,  after  five 
years  of  the  most  patient  observation,  he  had  separated  the  trans- 
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iUon  rockB^  the  fosBiliferous  grauwacke,  of  the  western  parts  of  Here- 
fordshire and  Shropshire  and  the  adjoining  parts  of  Wales ;  and  it  is 
remarkable  that  so  early  as  1837,  we  find  the  "  Terrain  Silurien" 
recognised  by  the  most  experienced  and  distinguished  of  the  French 
geologists.  Indeed  nothing  can  prove  more  strongly  the  accuracy 
of  the  principles  upon  which  English  geologists  have  separated  the 
seTeral  groups  of  the  stratified  rocks  in  the  British  Isles,  than  the 
adoption  by  our  brother-geologists  of  France  not  only  of  theue  di- 
irisions  as  normal  types  of  formations,  but  of  the  English  names 
by  which  they  were  originally  distinguished.  Thus,  in  the  pro- 
spectus of  the  forthcoming  *  PaUBontologie  Universelle*  of  M.  Alcide 
d'Orbigny,  we  find  the  Etages  Silurieny  Devonien,  Liassique,  Bath- 
ameih  Oxfordien^  Kimmeridgien  and  Portlandien;  and  even  the 
provincial  term  of  gauU  is  there  canonized. 

Having  finished  his  work  on  Siluria,  Sir  R.  Murchison  did  not 
claim  any  respite  from  the  labours  of  the  field,  as  our  Proceedings 
and  Transactions  testify  by  several  valuable  communications ;  and  in 
1840)  in  conjunction  with  one  of  our  most  eminent  foreign  mem- 
bers, M.  de  Verneuil,  and  a  young  enterprising  Russian  geologist, 
Count  Keyserling,  he  undertook  the  herculean  task  of  exploring 
Russia  in  Europe,  the  Ural  Mountains,  and  a  considerable  part  of 
Sweden ;  mainly,  as  he  tells  us,  "  to  test  whether  the  British  paleeo- 
loic  classifications  would  be  found  equally  true  over  a  vast  area,  in 
which,  since  few  or  no  igneous  rocks  were  known,  the  history  of 
micceasion  might,  he  hoped,  be  read  off*  in  a  very  perfect  and  un- 
broken mannen"  The  results  of  their  joint  labours  have  just  been 
given  to  the  public  in  two  great  and  admirably  illustrated  volumes, 
which,  from  the  variety  and  amount  of  the  new  and  valuable  in- 
formation they  contain,  may  justly  be  considered  as  the  most  im- 
portant geological  work  that  has  appeared  in  this  country,  not  only 
ID  the  past  year,  but  for  a  long  period.  The  authors  ask  modestly, 
but  very  unnecessarily  in  my  opinion,  indulgence  for  inaccuracies 
of  detail  "  in  a  first  outline  of  regions  which  they  traversed  rapidly 
and  partially  examined."  The  local  surveyor  or  engineer  may  per- 
haps discover  inaccuracies  of  detail ;  but  these,  even  if  they  exist, 
do  not  interfere  with  the  broad  general  views,  the  great  questions  of 
geological  interest,  based  on  a  most  extensive  series  of  observations, 
and  described  with  clearness  and  perspicuity,  which  we  find  through- 
out these  volumes. 

Following  the  example  of  my  predecessors,  I  propose  to  notice, 
ID  the  first  place,  in  the  order  of  formations,  such  particulars  re- 
lating to  the  sedimentary  rocks  as  have  most  arrested  my  attention 
during  the  last  year,  contained  in  the  works  I  have  had  an  oppor- 
tunity of  examining  with  care.  But  before  proceeding  to  that 
systematic  review,  it  may  be  useful,  for  the  reason  I  have  already 
assigned,  to  give  an  outline  of  the  great  features  in  the  geology  of 
Russia  in  Europe  and  the  eastern  boundary  of  the  Ural  Mountains, 
described  by  Sir  R.  Murchison.  And  although  he  nowhere  speaks 
in  these  volumes  in  the  first  person,  but  associates  his  fellow-travel- 
len  with  him  in  all  he  tells  us,  if  for  the  sake  of  brevity  I  more  gene- 
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rally  name  him  when  I  have  occasion  to  refer  to  the  authors,  I  hope 
I  shall  not  be  considered  as  detracting  in  the  least  degree  from  the 
merits  of  M.  de  Vemeuil  and  Count  Keyserling. 

Geology  of  Russia, 

Russia  in  Europe  is  '<  one  huge  depositary  basin,"  encircled  on  the 
west  and  north  by  the  granites  of  Sweden  and  Finland,  and  on  the 
north-east,  east  and  south-east  by  the  chain  of  the  Ural  Mountains, 
which  are  mainly  composed  of  plutonic  and  metamorphic  rocks.  It 
consists,  to  a  very  great  extent,  of  a  series  of  undulations,  composed  of 
incoherent  clays  and  sands;  but  although  in  that  unindurated  state, 
not  consisting  of  modern  detritus,  but  being  very  ancient  deposits  that 
have  undergone  no  consolidating  process ;  for  the  whole  of  European 
Russia  appears  to  have  been  exempted  from  igneous  agency;  no  erup- 
tions have  tilted  up  the  beds,  but  the  elevatory  forces,  to  which  how- 
ever it  has  been  indubitably  and  repeatedly  subjected,  have  raised  the 
vast  undulating  plains  en  massey  without  a  break.  The  oscillations  of 
the  land  having  left  the  strike  more  or  less  horizontal,  scarcely  any 
traces  of  unconformability  of  strata  of  different  ages  are  to  be  met 
with,  and  beds  separated  in  time  by  vast  intervals  are  in  the  same  par- 
allelism of  juxtaposition  as  if  they  were  the  members  of  one  group. 
Thus  at  the  mouth  of  the  Vaga,  a  tributary  of  the  Dwina,  about 
150  miles  south  of  Archangel,  post-pliocene  beds  are  seen  resting 
conformably  on  limestones  with  Product!  and  Corals  of  the  Per- 
mian rocks ;  and  an  observer  unacquainted  with  fossils  might  view 
the  two  as  parts  of  an  unbroken  series. 

We  have  some  most  instructive  examples  of  similarity  of  litho- 
logical  characters  between  deposits  of  the  most  different  ages,  con- 
sequent perhaps  in  some  degree  upon  that  absence  of  consolidating 
processes  to  which  I  have  alluded.  A  grit  occurs  in  Sweden,  de- 
scribed as  a  recomposed  granite  or  granitic  gneiss,  which  consti- 
tutes the  base  of  the  Silurian  system  in  that  country,  that  can 
scarcely  be  distinguished  in  mineral  character  from  a  tertiary  grit 
in  central  France.  Lower  Silurian  deposits  charged  with  fossib 
common  to  the  crystalline  slaty  rocks  of  other  regions  often  occur 
as  greensands  and  half- consolidated  mud-like  limestones.  We  have 
Silurian  bituminous  schists  that  resemble  the  hard  beds  of  the  Kim- 
meridge  Clay.  In  one  region  a  carboniferous  limestone  has  all  the 
characters  of  a  soft  tertiary  deposit ;  in  others,  Devonian,  Carbo- 
niferous and  Permian  rocks  are  not  distinguishable  from  the  younger 
secondary  or  even  tertiary  deposits  of  Western  Europe ;  and  even 
an  oolitic  rock  of  Miocene  age  cannot  be  distinguished  from  the 
Great  Oolite  of  the  Jurassic  period. 

These  facts  are  most  valuable,  as  showing  that  at  all  periods  sedi- 
mentary rocks  were  formed,  as  they  must  now  be  forming,  at  the 
bottom  of  the  sea,  from  the  detritus  of  adjoining  land,  by  the  same 
agencies  of  disintegration  as  are  now  at  work ;  and  that  then,  as  now, 
gravel,  sand  and  mud  were  the  forms  which  such  detritus  must  have 
taken,  to  be  afterwards  compressed  together,  and  consolidated  by  a 
variety  of  causes  acting  more  or  less  intensely  in  different  situations. 
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But  Sir  R.  Murchison  also  observes,  that  the  connexion  between 
the  character  of  the  fossils  and  the  nature  of  the  matrix  in  which 
they  are  imbedded  is  more  pointedly  brought  before  the  observer 
who  ranges  over  the  boundless  tracts  of  Russia,  than  in  any  other 
country  which  he  has  examined.  Notwithstanding  the  absence  of 
violent  dislocations,  the  various  Russian  formations,  though  hori- 
zontal, or  so  nearly  so  that  they  may  be  all  considered  conformable 
to  each  other,  are  as  distinctly  separable  by  their  included  remains, 
as  in  those  typical  and  dislocated  tracts  where  geologists  first  worked 
out  their  order.  And  these  observations  hold  good  in  the  newer  as 
well  as  in  the  older  deposits ;  thus,  in  the  regions  of  the  Volga,  green- 
sand,  ironsand,  chalk,  and  chalk  marl  occur,  in  which  the  same 
groups  of  fossils  prevail  as  in  the  rocks  of  Britain  and  France,  which 
hold  the  same  relative  place  in  geological  succession ;  and  pure  white 
chalk,  containing  some  characteristic  organic  remains,  extends  from 
the  British  Isles  to  the  confines  of  Asia. 

That  so  vast  a  tract  of  country,  unlike  most  other  parts  of  Europe, 
has  been  so  little  broken  up  locally  by  igneous  eruptive  rocks,  may 
perhaps  with  great  probability  be  ascribed  to  this,  that  a  safety-valve 
was  opened,  an  enormous  crack  or  cleft  was  made  on  the  east,  by  a 
subsidence  of  the  country  on  the  west,  through  which  the  pent-up 
elastic  force  and  the  molten  matter  escaped,  and  thus  the  high  pres- 
sure was  taken  off  from  under  the  broad  expanse.  The  Ural  Moun- 
tains, bounding  Russia  in  Europe  on  the  east,  are  a  comparatively 
narrow  ridge,  made  up  of  igneous  rocks  and  sedimentary  palaeozoic 
deposits;  and  through  fractures  in  the  latter  the  igneous  rocks  were 
erupted,  after  having  produced  in  them  those  changes  of  structure 
which  we  call  metamorphic,  that  is,  having  caused  them  to  change 
their  original  characters,  and  assume  a  crystalline  aspect ;  the  force 
acting  with  such  intensity  as  in  many  places  to  overturn  the  strata, 
and  so  invert  the  order  of  superposition  on  the  flanks.  But  it  has 
not  been  by  one  great  fissure  only  that  the  igneous  rocks  have  been 
erupted ;  "  other  parallel  outbursts  and  upheavals  have  taken  place 
along  the  same  line  at  subsequent  epochs  ;'*  &nd  the  authors  show 
grounds  for  belief  that  the  present  form  of  these  mountains  was  the 
result  of  more  than  one  elevatory  process,  and  that  there  was  a  period 
when,  as  a  low  ridge,  they  formed  the  western  shore  of  a  great  con- 
tinent to  the  east,  that  now  called  Siberia,  and  even  at  so  recent  a 
period  as  when  that  continent  was  inhabited  by  large  quadrupeds 
closely  allied  to  existing  species.  The  Urals  extend  from  Nova 
iSeralia  to  the  Caspian,  through  nearly  thirty  degrees  of  latitude,  in 
a  direction  nearly  north  and  south,  but  sending  off  branches  to  the 
east  and  west  at  both  extremities,  one  of  which  on  the  north-west, 
the  Timan  range,  was  first  explored  geologically  by  Count  Keyser- 
ling  in  1843 ;  and  in  no  part  of  this  long  line  are  they  divided  by 
any  great  transverse  valleys,  nor  does  their  general  altitude  exceed 
from  2000  to  2500  feet.  No  parts  of  the  authors'  descriptions  are  of 
higher  geological  interest  than  those  in  which  they  speak  of  the 
Urals ;  and  to  some  of  the  more  striking  features  of  that  chain  of 
nKmntains  I  shall  afterwards  more  particularly  refer. 
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The  immediate  sabetnicture  of  the  whole  area  of  Raasia  in  Eu- 
rope is  composed  of  the  palaeozoic  roclu,  which  on  the  northern 
division  are  covered  by  sand,  clay  and  blocks.  A  narrow  band  of 
Silurian  deposits,  the  older  members  of  that  group,  stretches  along 
a  great  part  of  the  shores  of  the  Baltic,  succc^ed  eastward  by  De- 
vonian and  Carboniferous  formations,  each  occupying  a  vast  extent 
of  country,  and  lastly  that  highest  member  of  the  paleozoic  order 
of  strata  to  which  the  authors  have  applied  the  term  ^*  Permian 
Syitem^  the  most  widely-spread  of  all,  occupying  a  region  more 
than  twice  the  size  of  the  whole  kingdom  of  France.  Of  the  whole 
range  of  the  secondary  deposits  between  the  Permian  and  the  ter- 
tiary, two  only  have  been  met  with,  viz.  that  division  of  the  oolitic 
series  which  includes  the  Oxford  clay  and  its  associated  rocks,  and  in 
South  Russia  cretaceous  rocks,  including  a  white  chalk  very  similar 
in  mineral  characters  and  zoological  contents  to  that  of  England.  The 
oolitic  rocks  overiie  the  Permian,  but  in  detached  masses,  and  with 
a  surprising  uniformity  of  character  from  the  Icy  Sea  to  the  southern 
extremity  of  the  Urals.  There  are  besides,  but  in  Southern  Russia 
only,  some  limited  tertiary  districts,  and  of  all  ages,,from  Eocene  to 
Pleistocene. 

The  most  remarkable  feature  in  the  physical  geography  of  the 
country  described,  and  which  may  justly  be  said  to  be,  in  the 
words  of  the  author,  ''  one  of  the  most  singular  features  in  the  an« 
cient  condition  of  the  surface  of  the  globe  which  modem  researches 
have  brought  to  light,"  is  that  exhibited  by  the  region  around  the 
Caspian ;  affording  the  most  unequivocal  proofs  of  great  changes  in 
the  relative  levels  of  the  land  and  water,  at  a  period  geologically  re- 
cent. Over  a  vast  region  a  calcareo-argillaceous  deposit  exists  in 
nearly  horizontal  stratification,  abounding  in  freshwater  shells  and 
others  analogous  to,  and  to  a  great  extent  identical  with  species  now 
living  in  the  Caspian,  attaining  in  some  places  a  thickness  of  300  feet; 
which  appears  to  prove,  that  at  the  time  it  was  deposited,  there  ex- 
isted an  inland  sea,  of  brackish  water,  exceeding  in  size  the  present 
Mediterranean,  and  of  which  the  present  Caspian  is  the  diminished 
relic.  Of  this  remarkable  deposit,  designated  **  Steppe  "  and  "Aralo- 
Caspian  limestone  "  by  the  authors,  1  shall  speak  more  particularly 
when  I  refer  to  the  Tertiarj'  formations. 

This  inland  sea,  although  called  by  Sir  R.  Murchison  a  Mediter* 
ranean,  he  does  not  the  less  consider  to  have  been  entirely  separated 
from  the  Western  Ocean  of  that  period,  by  a  barrier,  produced  bv 
the  elevation  of  the  marine  tertiary  beds  of  Miocene  age,  on  which 
this  Steppe  limestone,  in  many  places,  is  seen  to  repose.  To  affirm 
with  certainty  that  the  surface  of  this  inland  sea  once  stood  at  a 
higher  level  than  that  of  the  Caspian  at  the  present  day,  and  which, 
according  to  very  careful  measurements  recently  made  by  order  of 
the  Russian  Government,  is  now  proved  to  be  83.6  feet  below  the 
Black  Sea,  would  require  a  most  extensive  series  of  local  observa* 
tions  and  levellings  around  the  region  occupied  by  the  Steppe  lime* 
•tone,  attended  with  very  great  diffioulties.  It  is  the  opinion  of 
some  travellers  who  have  carefully  examined  parts  of  this  region. 
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that  during  the  historic  period,  and  within  modem  times,  the  sur- 
face of  the  Caspian  has  been  diminishing,  from  the  disproportion 
between  the  evaporation  from  so  large  a  surface  in  that  climate,  and 
the  sources  of  supply  of  water.  Whatever  portion  of  the  land  occu- 
pied by  the  Steppe  limestone  is  now  on  a  level  with,  and  below  the 
level  of  the  Black  Sea,  may  have  been  laid  bare  by  this  gradual 
lowering  of  the  water  of  the  Caspian ;  but  whatever  portion  is  above 
that  level,  and  the  greatest  proportion  of  it  is  so,  must,  it  is  evident, 
have  been  upraised ;  and  there  is  abundant  proof  of  volcanic  forces 
being  in  activity  in  that  region  to  the  present  time.  To  endeavour 
to  trace  the  direction  of  the  vast  body  of  water  that  must  have  been 
displaced  by  the  upheaved  laud,  as  there  could  be  no  direct  outlet 
to  the  ocean,  would  be  an  inquiry  of  great  interest ;  for  it  can  hardly 
be  doubted  that  there  must  be  evidence  of  a  deluge  or  deluges  ha- 
ving swept  over  a  large  portion  of  that  part  of  Asia,  and  more  espe- 
cially if  the  elevatory  forces  acted  suddenly. 


As  the  leading  features  of  the  physical  structure  and  the  great 
geological  divisions  of  the  continent  of  North  America  are  well 
ksown,  I  do  not  think  it  necessary  to  give  any  general  outline  of 
the  country  described  by  Mr.  Lyell  in  his  lately -published  'Travels ' ; 
but  I  shall  have  frequent  occasion  to  refer  to  the  information  con- 
tained in  that  work  on  several  points  of  great  importance,  in  speak- 
ing of  some  of  the  additions  in  the  past  year  to  our  knowledge  of 
the  great  groups  of  rocks,  and  to  our  better  acquaintance  with  ques- 
tions of  mineral  structure,  changes  in  the  form  of  the  land,  and  dis- 
tribution of  organic  remains. 


I  shall  now  offer  some  remarks  on  the  several  great  groups  of  for- 
mations, and  shall  begin  with  the  lowest  fossiliferous  deposits, 

Silurian  Bocks* 

It  is  certainly  remarkable,  considering  the  short  time  that  has 
diqMed  since  Sir  R.  Murchison  first  proposed  the  separation  of  the 
lower  beds  of  the  palaeozoic  strata  into  one  great  series,  that  rocks 
which  appear  to  be  clearly  made  out  to  belong  to  the  Silurian  system 
should  have  been  already  recognised  in  so  many  regions  remotely 
distant  from  each  other.  That  they  constitute  a  great  part  of  Eu-^ 
rope  has  been  shown  by  many  writers.  The  geologists  of  the  United 
States  and  Mr.  Lyell  have  told  us  how  widely  they  are  spread 
over  the  northern  States  of  North  America;  and  we  learn  from 
Captain  Bayfield  that  they  occur  extensively  all  round  Lake  Huron ; 
northward  towards  Hudson's  Bay ;  along  the  northern  side  of  the 
valley  of  the  St.  Lawrence,  eastward  to  the  strait  of  Belle  Isle,  and 
on  the  western  coast  of  Newfoundland  from  that  strait  to  its  southern 
extremity.  M.  Alcide  d'Orbigny  has  described  them  as  extensively 
developed  in  South  America ;  and  from  Mr.  Darwin  we  learn  that 
they  probably  exist  in  the  Falkland  Islands,  acyoining  the  farthest 
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extremity  of  that  continent.  It  is  also  more  than  probable,  from  the 
information  we  already  possess,  that  they  exist  in  Australia.  The 
rocks  were  known,  and  had  been  partially  described,  but  they  were 
not  understood  ;  they  were  known  inineralogically,  and  deposits  sepa- 
rated by  great  intervals  of  time  were  classified  together  under  the 
vague,  uncertain,  general  term  of  grauwacke,  or  grauwacke  slate,  or 
clay-slate.  The  clear  development  of  the  system,  and  lucid  descrip- 
tions of  the  normal  types  in  the  Silurian  region  of  Britain,  dispelled 
the  obscurity  that  hung  over  the  history  of  these  ancient  beds ;  and 
now  geologists  are  at  work  in  all  countries,  making  out  the  great  fea- 
tures of  resemblance,  and  registering  those  variations  in  mineral  and 
fossil  contents,  dependent  on  geographical  position  and  other  local 
causes,  which  are  found  to  prevail  more  or  less  in  all  formations. 

It  appears  to  be  now  the  opinion  of  those  geologists  who  have 
most  carefully  and  extensively  studied  the  sedimentary  rocks  which 
contain  the  oldest  forms  and  first  traces  of  organic  life,  that  from 
the  highest  beds  of  the  Lower  Silurian  rocks  to  the  lowest  deposits 
in  which  organic  remains  have  been  found,  there  had  been  no  great 
variation  in  the  circumstances  under  which  these  beds  were  depo- 
sited, although  there  is  evidence  of  a  long  duration  of  time,  in  which 
gradual  changes  in  animal  life  took  place,  some  species  diminishing 
in  numbers,  others  becoming  extinct,  others  continuing  to  exist 
throughout  the  whole  range,  and  a  few  appearing  in  the  lower  por- 
tion of  these  beds,  which,  from  a  marked  general  change  of  forms, 
are  classified  as  the  Upper  Silurian  rocks.  This  view  you  will  see 
developed  in  the  address  delivered  by  Sir  H.  Murchisou  from  this 
chair  four  years  ago*,  where  he  states,  that  the  conventional  line 
that  had  been  drawn  between  the  Lower  Silurian  and  the  Cambrian 
rocks  beneath  them  had  no  longer  any  reference  to  strata  iden- 
tified by  distinguishing  organic  remains,  for  the  same  fossils  are 
found  in  strata  on  each  side  of  that  demarcation.  He  also  stated 
on  the  same  occasion,  that  'Hhe  zone  of  fossiliferous  strata  charac- 
terized by  the  Lower  Silurian  Orthidae  are  the  oldest  beds  in  which 
organic  life  has  been  detected,'*  and  his  belief  that  '*  many  of  the 
subjacent  rocks,  sometimes  even  when  in  the  form  of  gneiss,  mica 
schist,  talc  schist,  chlorite  slate,  &c.,  are  nothing  but  metamorphic 
rocks,  in  less  altered  parts  of  which  the  same  typical  fossib  are  ob- 
servable." In  his  recent  work  on  Russia  he  asks  the  questions, 
''  Can  we  lay  open  the  earliest  vestiges  of  animal  life,  and  amid  pa- 
laeozoic forms  trace  backwards  primaeval  history  to  a  protozoic  type  ? 
Can  we  separate  such  protozoic  strata  from  those  which  went  before 
them,  and  were  deposited  ere  life  had  been  breathed  into  the  waters^}  " 
To  the  latter  question  I  am  disposed  to  answer,  that  the  mere  nega- 
tive fact  that  we  have  not  yet  discovered  traces  of  organized  bodies 
in  the  lowest  strata,  certainly  does  not  warrant  the  inference  that  no 
living  thing  had  yet  existed,  or  our  saying,  that  ajiy  strata  were  de- 
posited "  ere  life  had  been  breathed  into  the  waters."  If  these 
strata  contain  a  particle  of  undoubted  detrital  matter,  a  grain  of 

*  Proceedings  of  the  Geol.  Soc.  vol.  iii.  p.  642. 
t  Rusiis  and  the  Ural  Mountains,  &c.  voL  i.  p.  1. 
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rolled  sand,  they  afford  positive  proof  of  the  pre-existence  of  land 
and  water,  and  atmospheric  destructive  agency  to  supply  the  ma- 
terials of  these  strata,  and  the  bed  of  a  sea  to  receive  them.  Is 
it  not  highly  improbable  that  this  sea  was  untenanted?  There 
must  doubtless  be  a  lowest  sedimentary  stratum,  the  materials  of 
which  must  have  been  derived  from  land  composed  of  non-sedi- 
mentary rocks.  By  "  non-sedimentary  "  I  mean  a  rock  the  for- 
mation of  which  may  with  the  greatest  probability  be  ascribed  to  ig- 
neous action.  Whether  it  was  granite,  or  any  other  form  of  igneous 
rock  with  which  we  are  acquainted,  we  cannot  tell ;  because  of  the 
great  uncertainty  as  to  how  far  the  lowest  sedimentary  deposits  have 
undergone  changes  by  metamorphic  action ;  but  that  silica  and  clay 
and  very  little  lime  entered  into  its  composition  is  evident  from  the 
predominance  of  the  two  former  earths  in  all  the  oldest  strata,  and 
the  comparative  rarity  of  lime. 

But  animal  and  vegetable  life  may  have  existed  while  the  land 
that  afforded  the  materials  for  the  first  sedimentary  deposits  was 
wholly  composed  of  unstratified  rocks.  Nor  is  it  necessary  to  have 
recourse  to  the  obliteration  by  metamorphic  action  in  all  cases 
where  there  are  no  traces  of  organic  remains.  We  have  learned 
from  the  valuable  report  by  Professor  Edward  Forbes  of  his  re- 
searches in  the  JEgea.n  Sea,  that  there  are  profound  depths  in  which 
no  animals  and  no  vegetables  seem  ci^pable  of  living  ;  and  thus,  as 
there  may  be  now,  and  probably  are,  deposits  of  vast  thickness  pro- 
duced without  organic  bodies  having  ever  lived  in  or  upon  them,  in 
tlie  profound  depths  of  the  Atlantic  and  Pacific  Oceans,  so  is  the 
absence  of  such  remains  in  any  stratum  no  proof,  that  when  it  was 
deposited  there  might  not  have  existed  above  it  a  sea  teeming  with 
life.  I  cannot  support  this  view  better  than  by  quoting  what  Pro- 
fessor Forbes  says  on  the  subject :  "  As  in  the  sea  there  is  a  zero  of 
vegetable  life,  so,  we  may  fairly  infer,  is  there  one  of  animal  life. 
All  deposits  formed  below  that  zero  will  be  void,  or  almost  void,  of 
organic  contents.  The  greater  part  of  the  sea  is  far  deeper  than 
the  point  zero  ;  consequently  the  greater  part  of  deposits  forming 
will  be  void  of  organic  remains.  Hence  we  have  no  right  to  infer 
that  any  sedimentary  formation,  in  which  we  find  few  or  no  traces 
of  animal  life,  was  formed  either  before  animals  were  created,  or  at 
a  time  when  the  sea  was  less  prolific  in  life  than  it  now  is  :  it  might 
have  been  formed  in  a  very  deep  sea*.** 

The  muddy  waters  of  the  Amazon  stretch  300  miles  into  the 
Atlantic  Ocean,  and  their  sediment  must  be  deposited  in  depths  far 
below  the  zero  of  animal  and  vegetable  life.  Unless  therefore  por- 
tions of  dead  organisms  be  transported  down  steep  slopes  by  sub- 
marine currents,  from  a  shallower  sea  to  those  depths,  and  be  mingled 
with  the  sediment,  rocks  must  now  be  forming  over  the  bottom  of 
the  Atlantic  Ocean,  which,  when  upraised  in  future  ages,  will  exhibit 
as  few  traces  of  living  bodies  having  existed  when  their  component 

*  On  the  light  thrown  on  Geology  by  submarine  researches.  Edin.  PhiL  Joum. 
April  1844. 
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parts  were  deposited  as  we  can  discover  in  the  slates  of  Wales  and 
of  Westmoreland. 

We  have  received  as  yet  only  a  part  of  the  results  of  the  labours 
of  Professor  Forbes,  and  wait  with  impatience  for  his  greater  work; 
but  what  he  has  already  made  known  to  us  of  the  changes  that  take 
place  in  organized  bodies  in  different  zones  of  depth,  and  in  different 
states  of  sea-bottom,  have  so  extensive  a  bearing  upon  many  of  the 
inferences  hitherto  drawn  as  to  the  ages  of  deposits,  and  to  changes 
of  climate  from  fossil  contents,  that  some  of  our  most  established 
doctrines  ought  to  be  revised,  and  their  soundness  tested  by  their  ac- 
cordance or  otherwise  with  these  conditions*  Others  hypothetically 
anticipated  that  rocks  might  have  been  formed  in  depths  unsuited 
to  animal  and  vegetable  life ;  but  Professor  Forbes  was  the  flrstt 
I  believe,  to  establish  bv  actual  observation  that  such  is  the 
fact  as  to  depth,  and  also  the  first  to  show,  as  an  element  of  geolo* 
gioal  reasoning,  the  connection  that  subsbts  between  thi  nature  rf 
the  sea-bottom  (often  changing  on  the  same  spot)  and  the  living 
bodies  it  supports,  and  thus  to  demonstrate  the  existence  of  laws  of 
the  highest  geological  importance,  and  which  must  have  prevailed 
throughout  the  whole  range  of  formations. 

Among  the  communications  read  before  the  Society  since  the 
last  Anniversary,  we  have  had  two  by  Professor  Sedgwick  on  the 
comparative  classification  of  the  fossiliferous  strata  of  North  Whales 
with  the  corresponding  deposits  of  Cumberland,  Westmoreland 
and  Lancashire,  both  of  them  in  continuation  of  his  memoir  read 
in  November  1843.  I  will  not  attempt  to  give  any  absUact  of  the 
contents  of  these  papers,  because  I  could  not  do  so,  to  any  useful 
purpose,  without  extending  my  observations  to  an  inconvenient 
length;  but  I  recommend  all  who  are  desirous  of  acquiring  an  ao« 
curate  knowledge  of  the  geological  topography  of  those  parts  of  our 
island,  and  of  becoming  acquainted  with  many  facts  that  throw  light 
on  that  obscure  and  difficult  part  of  geology,  to  study  the  memoirs 
themselves :  those  of  1 843  and  of  March  1 845  are  published  in  the 
first  volume  of  our  Journal,  and  the  last  of  them  will  appear  in  the 
number  of  next  May  ♦. 

It  is  to  Professor  Sedgwick  we  are  mainly  indebted  for  the  know* 
ledge  we  possess  of  the  geological  structure  of  those  parts  of  oar 
island ;  it  was  he  who  first  grappled  with  their  very  complicated 
and  difiicult  conformation ;  for  nearly  twenty  years  he  has  been 
labouring  to  decipher  their  obscure  and  complex  characters ;  and 
since  the  discovery  of  the  Silurian  key,  he  has  been  enabled  to  make 
out  a  clear  and  intelligible  outline  of  the  history  of  these  regions, 
which,  for  a  long  time,  geologists  seemed  to  shrink  from  all  attempts 
to  understand.  Let  us  hope  tliat  the  learned  author  will  soon 
gather  together  his  scattered  materials,  and  bring  out  a  new  edition 
of  his  work,  with  all  the  corrections  and  illustrations  which  his  latest 
observations  enable  him  to  supply.  When  we  have  that  volume^ 
and  can  study  it  with  the  commentaries  and  the  additional  illustra- 
tions of  accurate  sections  which  we  in  part  have,  and  may  soon 
*  See  an/«,  p.  106. 
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look  forward  to  receive  from  Sir  H.  de  la  Beche  and  his  fellow- 
labourers  in  the  Geological  Survey  of  Great  Britain,  we  shall  pos- 
sess a  very  full  and  correct  knowledge  of  these  older  sedimentary 
deposits,  and  the  igneous  rocks  with  which  they  are  associated,  and 
therefore  of  the  most  remote  periods  of  geological  history ;  and  we 
may  perhaps  then  indulge  in  a  little  excusable  national  vanity  of 
possessing  another  standard  with  which  the  structure  of  extensive  and 
distant  regions  of  the  earth  will  be  compared,  in  addition  to  what  we 
already  have  of  many  of  the  paleeozoic  and  secondary  formations. 

A  paper  by  ('aptain  Bayfield  read  before  us  last  April,  and  pub- 
lished in  November  in  our  Journal,  gives  us  much  important  infor- 
mation on  the  Silurian  rocks  that  prevail  to  a  great  extent  in  Canada ; 
and  we  are  indebted  for  a  more  accurate  knowledge  of  the  same  class 
of  rocks  in  the  Isle  of  Man  to  the  Rev.  J.  Gumming,  in  the  first  part 
of  a  description  of  that  island,  read  last  June. 

We  learn  from  the  '  Geology  of  Russia,'  that  both  in  that  coun- 
try and  in  Scandinavia,  a  series  of  ancient  deposits  cover  a  great 
tract  of  country,  which,  in  all  their  great  features,  and  often  in  their 
minute  characters,  are  identical  with  the  Silurian  series  of  the  Bri- 
tish Isles,  and  that  they  are  equally  divisible  into  two  distinct  groups, 
and  are  also  overlaid  by  a  true  Devonian  formation.  In  the  cen- 
tral and  southern  parts  of  the  continent  of  Sweden  the  Lower  Silu- 
rian rocks  only  occur,  but  the  adjoining  islands  of  Oesel,  Dago  and 
Gothland  are  mainly  composed  of  Upper  Silurian  rocks,  affording 
eren  better  types  than  Wenlock  or  Dudley.  Describing  the  rocks 
near  Katchkanar,  on  the  eastern  Hank  of  the  Urals,  Sir  R.  Murchison 
says*  "  The  banks  of  the  river  Is  are  composed  for  a  considerable  di- 
gtonee  of  white  limestone,  thickly  tenanted  by  large  Pentameri,  some 
Trilobites,  and  shells  which  we  hailed  as  true  Silurians,  and  worthy 
of  the  very  region  of  Caractacus.  We  were  enchanted  when  we 
discovered  myriads  of  them  undistinguishable  from  the  PetUamenu 
Kmgkiii ;  so  that  seated  on  the  grassy  banks  of  the  Is,  we  might  for 
a  moment  have  fancied  ourselves  in  the  meadows  of  the  Lug  at 
Aymestry.*'  Of  the  Lower  Silurian  fossils  of  Russia  a  few  only  are 
absolutely  identical  with  forms  of  the  same  age  in  the  British  Isles ; 
iMt  the  mass  of  them  is  essentially  the  same  as  that  of  the  main  land 
of  Scandinavia ;  which  region  being  intermediate  between  England 
and  Russia,  is  found  to  contain  a  considerable  number  of  forms 
oommon  to  deposits  occupying  the  same  position  in  both  the  other 
eountries.  In  the  lowest  part  of  the  Lower  Silurian  rocks  that 
akirt  the  southern  shores  of  the  Baltic,  a  grit  occurs  so  abound- 
ing in  a  minute  shell,  the  Ungulite  or  Obalus  (which  has  a  great 
affinity  to  the  Lingula)j  as  to  form  entire  beds.  Here  we.  have  a 
parallel  to  those  beds  in  the  Silurian  series  of  the  British  Isles, 
abounding  so  copiously  in  the  Lingula  attenwUa.  It  is  also  a  parallel 
to  beds  occurring  at  a  far  more  distant  point,  on  the  opposite  side 
of  the  Atlantic  Mr.  Lyell,  in  describing  the  Potsdam  sandstone, 
the  lowest  member  of  Uie  Silurian  series  in  North  America,  as  it 
ooonis  on  Lake  Champlain,  says,  **  In  many  places  this  most  ancient 
of  the  fossiliferous  rocks  of  Mew  York  is  divided  into  laminae  by  the 
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remains  of  innumerable  shells  of  the  genus  Lingula,  They  are  in 
such  profusion  as  to  form  black  seams  like  mica,  for  which  they 
were  at  first  mistaken.  It  is  highly  interesting,  that  in  this  lowest 
fossiliferous  bed,  one  of  its  commonest  organic  remains  should  belong 
to  a  living  genus,  and  that  its  form  should  come  very  near  to  species 
now  existing.  Throughout  so  vast  a  series  of  ages  has  Nature 
worked  upon  the  same  model  in  the  organic  world  I  " 

The  Silurian  system  of  the  northern  countries  of  Europe  b,  as  a 
whole,  closely  analogous  to  that  of  Great  Britain  ;  and  it  proves 
that  wherever  the  sediments  of  the  same  age  in  the  two  regions  re- 
semble each  other  in  lithological  texture,  such  similarity  is  accom- 
panied by  a  close  approximation  and  frequent  identity  in  the  asso- 
ciated organic  remains.  When  the  fossils  from  the  Silurian  beds  of 
Northern  Europe  were  compared,  Mr.  Lyell  informs  us,  by  M.  de 
Verneuil  with  those  brought  by  him  from  America,  there  was  a 
great  distinctness ;  but  the  representation  of  generic  forms,  whether 
in  the  organic  remains  of  the  Upper  or  Lower  Silurian  strata,  was 
most  clear  and  satisfactory.  The  geologists  of  New  York  make  three 
distinct  groups  in  the  Lower  Silurian,  and  four  distinct  groups  in  the 
Upper  Silurian  series  of  that  country,  and  Mr.  Lyell  is  of  opinion 
that  these  divisions  are  based  on  sound  principles ;  that  is,  on  mixed 
geographical,  lithological  and  pal  aeon  tological  considerations;  the  ana- 
logy of  European  geology  teaching  us  that  minor  subdivisions,  how- 
ever useful  and  important  within  certain  limits,  are  never  applicable 
to  countries  extremely  remote  from  each  other  or  to  areas  of  inde- 
finite extent.  The  Silurian  rocks  are  developed  in  North  America 
on  a  great  scale,  and  like  those  of  Russia  are  little  disturbed  from 
their  original  horizontality,  making  the  order  of  their  relative  posi- 
tions clear  and  unequivocal  in  both  countries.  In  lithological  cha- 
racters there  is  a  considerable  resemblance  on  both  sides  of  the 
Atlantic — mudstones,  sandstones  and  limestones  prevailing.  In 
America  however  there  is  an  intercalated  group  in  the  Upper  Silu- 
rian system,  to  which  nothing  analogous  has  yet  been  observed  in 
Europe,  as  far  as  I  am  aware.  It  consists  of  red,  green  and  bluish 
marls,  with  beds  of  gypsum  and  occasional  salt-springs,  the  whole 
being  from  800  to  1000  feet  thick,  and  undistinguishable  from  parts 
of  the  Upper  New  Red  Sandstone  or  Trias  of  Europe.  A  similar 
intercalated  group  of  red  and  green  argillaceous  marls  with  gypsum 
and  salt-springs  is  met  with  in  the  middle  of  the  Devonian  group  in 
Russia.  This  occurrence  of  gypsum  and  muriate  of  soda  associated 
together  in  the  older  strata  as  they  are  in  the  Pliocene,  as  well  as 
in  many  intermediate  periods,  is  a  remarkable  circumstance ;  and  it 
would  be  an  investigation  well-deserving  the  joint  labours  of  the 
chemist  and  the  geologist,  to  endeavour  to  account  for  the  origin  of 
these  chemical  formations. 

With  regard  to  the  fossil  contents  of  the  Silurian  beds  of  North 
America,  it  appears  that  "  while  some  of  the  species  agree,  the  ma- 
jority of  them  are  not  identical  with  those  found  in  strata  which  are 
their  equivalents  in  age  and  position  on  the  other  side  of  the 
Atlantic.     Some  fossils  which  are  identical,  such  as  Atrypa  (iffiniSf 
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Ijeptttna  depressa  and  LepUBna  euglypha^  are  precisely  those  shells 
which  have  a  great  vertical  and  horizontal  range  in  Europe — species 
which  were  capable  of  surviving  many  successive  changes  in  the 
earth's  surface,  and  for  the  same  reason  enjoyed,  at  certain  periods, 
a  wide  geographical  range.  It  has  been  usually  affirmed  that  in  the 
rocks! older  than  the  carboniferous,  the  fossil  fauna  in  different  parts  of 
the  globe  was  almost  everywhere  the  same  ;  but  Mr.  Lyell  adds,  "  that 
however  close  the.  general  analogy  of  forms  may  be,  there  is  evi- 
dence in  the  Silurian  rocks  of  North  America  of  the  same  law  of  va- 
riation in  space  as  now  prevails  in  the  living  creation :  "  and  in 
another  place  he  states,  that  with  regard  to  the  proportion  of  species 
common  to  the  Silurian  beds  of  Europe  and  America,  whether  of 
the  upper  or  lower  division,  he  can  confidently  affirm  that  it  is  not 
greater,  than  a  naturalist  would  have  anticipated,  from  the  analogy 
of  the  laws  governing  the  distribution  of  living  invertebrate  animals. 
While  the  remains  of  fucoid  plants  are  met  with  abundantly 
in  the  Silurian  rocks  of  Europe  and  in  the  lowest  members  of  the 
series,  I  am  not  aware  that  any  vestiges  of  land  plants  have  yet 
been  discovered  in  them.  Sir  H.  Murchison  says,  that  in  the  older 
palaeozoic  rocks  of  Russia  he  met  with  no  signs  of  terrestrial  fossil 
vegetables.  Fucoids  are  plentifully  distributed  through  every  part 
of  the  series  in  North  America ;  and  Mr.  Lyell  also  states,  that  in 
the  Hamilton  group,  which  corresponds  in  many  of  its  fossils  with 
the  Ludlow  rocks,  and  which,  singularly  enough,  is  met  with  in  the 
neighbourhood  of  Ludlowville,  remains  of  plants  allied  to  Lcpidoden- 
dron  have  been  found  associated  with  fossils  agreeing  perfectly  with 
European  Upper  Silurian  types ;  and  that  other  plants  allied  to 
these,  and  ferns,  have  been  met  with  in  the  lowest  Devonian  strata 
of  New  York,  associated  with  fossil  shells  closely  allied  to  the  Silu- 
rian. Thus  we  have  additional  proof,  if  any  were  wanting,  of  the 
existence  of  dry  land  at  the  time  of  the  deposition  of  these  Silurian 
beds. 

Devonian  Rocks, 

The  Silurian  rocks  of  Russia  in  Europe  are  covered  conformably 
by  deposits,  the  identity  of  which  with  the  Devonian  or  Old  Red 
Sandstone  series  of  the  British  Isles,  Sir  R.  Murchison  and  his  compa- 
nions clearly  made  out.  They  extend  over  an  area  of  not  less  than 
150,000  square  miles,  a  superficies  greater  by  nearly  one-third  than 
that  of  Great  Britain  and  Ireland  together.  This  monotony  of  fea- 
ture over  so  vast  a  space  is  even  greatly  surpassed  by  the  Permian 
rocks ;  and  when  it  is  considered  that  this  uniformity  is  combined 
with  a  stratification  rarely  deviating  from  the  horizontal,  never 
thrown  up  into  natural  sections,  and  that  the  investigation  of  them 
can  only  be  carried  on  where  the  beds  are  exposed  in  the  banks  of 
rivers,  geologists  can  appreciate  the  tedium  and  labour  of  exploring 
such  a  country,  and  cannot  too  highly  praise  the  patience  and  per- 
severance of  Sir  R.  Murchison  and  his  fellow-travallers. 

Although  recognized  by  a  remarkable  degree  of  identity  in  fos- 
sfl  contents,  and  especially  in  regard  to  ichthyolites,  as  a  deposit 
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of  the  same  age  as  the  old  red  sandstone  in  our  own  conntry,  it  it 
lithologically  very  different  in  most  places.  Sometimes  it  u  made 
up  of  numerous  alternations  of  flat-bedded,  light  yellowish  lime* 
stones,  often  so  impregnated  with  magnesia  as  to  be  scarcely  distio* 
guLshable  from  some  of  the  magnesian  limestones  of  England,  or  the 
Zechstein  of  Thuringia ;  at  other  times  it  is  composed  of  red  and 
green  flags  and  marls ;  and,  on  the  flanks  of  the  Urals,  this  series  it 
represented  by  black  and  calcareous  slaty  masses.  Moreover,  it  it 
comparatively  rare  as  a  red  sandstone.  But  the  fishes  and  sbeili 
the  beds  contain  soon  rectify  the  mistake  as  to  the  true  position  of 
these  rocks,  into  which  their  mineral  aspect  alone  might  lead  the 
most  experienced  geologist,  should  he  not  have  an  opportunity  of 
seeing  them  reposing  on  true  Silurian  rocks  and  covered  by  car- 
boniferous strata.  In  regard  to  the  evidence  from  fossil  contents,  it 
is  so  complete  in  these  Russian  deposits  as  not  only  to  establish 
their  own  position,  but  to  corroborate  the  soundness  of  the  reason- 
ing which  unites  the  old  red  sandstone  of  Scotland  with  the  slaty 
limestones  and  schists  of  Devonshire  and  the  Continent ;  for  they 
contain  the  characteristic  fishes  of  the  former  and  the  mollusks  of 
the  latter.  The  examination  of  Russia,  Sir  R.  Murchison  further 
observes,  has  afforded  numberless  proofs  that  the  ichthyolites  and 
mollusks  which  in  Western  Europe  are  separately  peculiar  to  smaller 
detached  basins,  were  there  inhabitants  of  many  parts  of  the  same 
great  sea.  Of  the  known  Russian  ichthyolites,  two-thirds  are  spe- 
oifically  the  same  as  those  of  the  same  epoch  in  Great  Britain. 

The  neighbourhood  of  Dorpat  in  Lithuania  is  a  very  remarkable 
locality  for  the  ichthyolites  of  this  age ;  they  are  there  met  with  of 
so  gigantic  a  size,  that  they  were  supposed  to  belong  to  Saamni, 
until  the  closer  examinations  of  Professor  Asmus  of  Ddrpat,  M. 
Agassiz  and  Professor  Owen  disclosed  their  true  nature.  A  note 
by  Professor  Owen  in  the  Appendix  to  the  *  Geology  of  Russia*  is 
highly  instructive,  as  showing  the  great  importance  of  an  examina- 
tion of  the  internal  structure  of  the  substance  of  fossil  teeth  by  the 
microscope,  in  determining  the  classes  of  animals  to  which  they 
have  belonged.  He  points  out,  by  a  striking  illustration,  how  the 
microscopic  labours  of  the  philosopher  in  his  closet  may  have  the 
most  important  effect  on  questions  that  appear  to  be  far  remote 
from  the  subject  of  his  inquiry.  Had  the  teeth  under  consideration 
continued  to  be  held  to  belong  to  Saurians,  the  matrix  in  which 
they  are  imbedded  having  a  close  resemblance  in  mineral  character 
to  magnesian  limestone,  or  to  members  of  the  new  red  sandstone 
series,  borings  for  coal  might  have  been  carried  on  in  many  parts  of 
Russia,  involving  vast  losses ;  but  the  teeth  having  been  proved  to 
belong  to  a  class  of  fishes  that  are  characteristic  of  the  old  red 
sandstone,  all  expectations  of  finding  profitable  seams  of  coal  aie 
known  to  be  vain. 

If  we  now  cross  the  Atlantic  with  Mr.  Lyell,  and  visit  the  Silu- 
rian region  of  North  America,  we  find  that  series  of  rooks  covered 
hj  others  having  characters  corresponding  with  those  of  the  Devo- 
nian group  in  Europe.    The  rocks  of  the  Appalachian  chain  oon* 
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•itt  of  deposits  of  the  Siluriun,  Devonian  and  Carboniferous  periods. 
A  deposit  oalled  by  the  American  geologists  the  Waverley  sand- 
stone, which  Mr.  Lyell  is  of  opinion  corresponds  with  the  old  red 
sandstone  of  Europe,  intervenes  in  the  state  of  New  York  between 
the  coal-beds  and  the  Upper  Silurian  groups,  in  strata  of  consider- 
able thickness.  On  the  western  side  of  the  Alleghanies,  at  Ports- 
mouth on  the  Ohio,  the  same  formation  also  occurs,  but  greatly  di- 
minished in  thickness,  some  of  the  subordinate  beds  being  reduced 
to  a  very  thin  slate,  others  entirely  lost,  conformably  with  what  is 
observed  in  other  sandstones  and  associated  slates  and  shales  in  that 
oonntry,  viz.  by  a  gradual  thinning  of  the  beds  as  they  extend  west- 
ward, and  as  they  become  more  distant  from  that  great  eastern  con- 
tinent, now  sunk  beneath  the  waters  of  the  Atlantic,  from  which  the 
materials  composing  them  must  have  been  derived. 

Our  knowledge  of  the  old  red  sandstone  or  Devonian  group  has 
been  much  advanced  by  the  Monograph  of  the  fishes  of  that  series 
of  deposits  by  M.  Agassiz,  which  has  just  been  completed;  a  work 
of  the  highest  merit,  in  which  the  skill  with  which  the  anatomy  of 
the  singular  forms  of  that  earliest  creation  of  fishes  is  worked  out 
IB  quite  admirable,  and  which  also  contains  many  highly  important 
general  views.  This  work  was  undertaken  at  the  request,  and  has 
been  carried  out  by  the  assistance,  of  the  British  Association,  and  is 
one  of  the  many  valuable  gifts  for  which  science  is  indebted  to  that 
body. 

The  history  of  the  old  red  sandstone  supplies  a  useful  lesson  to 
geologists,  by  showing  them  the  danger  of  coming  to  hasty  con- 
elusions,  and  founding  generalizations,  on  negative  evidence.  The 
formation  itself  was  long  supposed  to  be  confined  to  a  limited  por- 
tion of  England ;  it  is  now  known  to  extend  over  large  districts  in 
the  British  Isles  and  on  the  continent  of  Europe.  It'  is  most  ex- 
tensively developed  in  the  northern  and  western  parts  of  the  United 
States, as  may  be  seen  by  inspecting  Mr.Lyeirs  Map;  and  we  learn 
from  Captain  Bayfield  that  a  sandstone  which  prevails  greatly  in 
Upper  Canada,  and  which  may  be  traced  all  round  Lake  Superior, 
resting  on  granite,  appears  to  be  of  the  same  age  as  the  old  red  sand- 
stone, or  Upper  Silurian ;  and  he  also  observed  in  the  district  of 
Gasp^  at  the  south  entrance  of  the  river  St.  Lawrence,  a  calcareous 
sandstone  with  Devonian  characters.  It  appears  too  from  the 
work  of  Mr.  Strzelecki  on  New  South  Wales  and  Van  Diemen*s 
Land,  published  last  year,  that  the  greater  part  of  the  palaeozoic 
rocks  he  examined  in  Australia  and  Tasmania  are  the  equivalents 
of  the  Devonian  series.  In  like  manner  this  bed  was  long  held  to  be 
barren  of  organic  remains ;  Sir  Henry  de  la  Beche,  in  the  third  edi- 
tion of  his  *  Manual  of  Geology'  published  in  1833,  which  was  no 
doubt  brought  up  close  to  all  that  was  known  at  that  time,  says, 
**  Few  organic  remains  have  been  discovered  in  that  rook.*'  When 
M«  Agassiz,  in  1833,  began  the  publication  of  his  <  History  of  Fossil 
Fishes,'  he  knew  of  none  older  than  the  coal-measures,  and  only  a 
small  number  in  them ;  and  he  tells  us  that  when  he  first  learned 
that  fishes  had  been  discovered  in  the  old  red  sandstone,  during 


168  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

his  visit  to  Scotland  in  1834,  not  more  than  four  species  were 
known.  Five  years  afterwards,  when  Sir  R.  Murchison  published 
his  *  Silurian  System,'  ten  genera  and  seventeen  species  of  fishes,  and 
fifteen  genera  and  twenty-three  species  of  mollusca  are  enumerated 
by  him  as  belonging  to  the  middle  and  lower  Devonian  beds.  In 
the  recent  work  on  Russia,  M.  de  Verneuil  enumerates  forty-six 
species  of  fishes  and  sixty-six  species  of  mollusca,  which  he  and  his 
fellow-travellers  found  in  the  same  group  in  that  country.  M. 
Agassiz,  in  his  *  Monograph  of  the  Fishes  of  the  Devonian  System,' 
raises  the  number  of  genera  to  forty-three,  and  of  species  to  105, 
belonging  to  six  or  seven  families;  and  he  tells  us  that  Monte 
Bolca  itself,  hitherto  reported  to  be  the  locality  of  all  others  most 
rich  in  species  of  fossil  fishes,  does  not  contain  a  greater  number; 
adding,  that  as  only  a  comparatively  small  portion  of  the  rocks  of 
this  system  has  been  examined,  many  additions  may  be  expected. 
M.  Agassiz  is  shortly  going,  it  is  said,  to  North  America,  where  he 
will  very  likely  discover  many  new  fonns.  It  is  gratifying  to  find 
him  ascribing  the  main  success  of  his  researches  in  this  field  "  aux  re- 
cherches  persev^rantes  et  au  zele  infatigable  des  g^ologues  Anglais.** 

But  not  only  is  there  this  great  variety  of  genera  and  species,  but 
the  number  of  individuals  found  in  some  localities  is  immense. 
Thus  in  some  parts  of  Russia  there  are  breccias  almost  wholly  com- 
posed of  the  scales  and  plates  of  the  Asterolepis,  and  the  remains  of 
the  Pterichthys  are  so  abundant  in  the  geodes  of  Lethen  Bar  in 
Nairnshire  as  to  have  been  collected  in  cart-loads.  But  our  wonder 
is  not  alone  excited  by  the  great  variety  and  number  of  vertebrate 
animals  of  a  high  organization  in  strata  so  very  low  in  the  order  of 
formations;  there  are  many  most  remarkable  features  in  the  histoiy 
of  this  early  part  of  the  animal  creation  which  the  researches  of  JVl. 
Agassiz  have  brought  to  light ;  for  these  however  I  must  refer  you 
to  the  work  itself. 

M.  Agassiz,  in  speaking  of  the  lowest  beds  in  which  the  remains 
of  fishes  have  been  found,  makes  the  following  important  observa- 
tions on  the  probability  of  their  existing  in  still  lower  beds : — "  If 
we  have  not  yet  been  able  to  recognize  remains  of  fishes  below  the 
Lower  Ludlow  rocks,  I  do  not  think  that  we  ought  from  that  to 
conclude  that  fishes  do  not  exist  even  in  the  oldest  of  the  fossilife- 
rous  beds ;  for  their  extraordinary  abundance  in  the  Devonian  se- 
ries, and  the  distinct  recognition  of  them  in  certain  Silurian  beds, 
where,  it  is  true,  they  are  but  imperfectly  preserved,  sufficiently  in- 
dicates that  on  its  first  appearance  that  class  of  animals  was  contem- 
porary with  the  development  of  the  types  of  all  the  classes  of  in- 
vertebrate animals." 

Mr.  Lyell  states  that  the  lowest  rock  in  which  ichthy elites  have 
been  traced  in  America  is  the  Clinton  group,  which  may  be  consi- 
dered the  bottom  of  the  Upper,  or  top  of  the  Lower  Silurian  series. 
Ichthyolites  have  recently  been  found  in  the  Wenlock  shale ;  an- 
other step  in  descending  order,  and  so  far  in  support  of  M.  Agas- 
siz's  views. 
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The  Carboniferous  Series, 

Although  rocks  of  this  age  cover  a  great  extent  of  country  in 
European  Russia,  extending  over  a  tract  equally  vast  in  horizontal 
extension  with  that  occupied  by  the  Devonian  series,  there  are  few 
places,  except  in  the  coal-field  of  the  Donetz  in  the  south,  where  the 
coal-seams  are  more  than  a  few  inches  in  thickness;  and  where  they 
are  thicker,  they  are  so  poor  in  quality  as  to  be  rarely  worth  working. 
The  great  coal-fields  of  England,  France,  Belgium  and  America  have 
DO  well-marked  equivalents  there,  nearly  the  whole  of  the  coal-beds 
in  the  empire  being,  like  those  of  Ireland  and  the  coal-field  on  the 
banks  of  the  Tweed,  included  in  the  lower  members  of  the  system ; 
which,  with  the  sandstones,  shales  and  marls,  are  the  equivalents  of 
our  mountain  limestone,  as  is  proved  by  the  identity  of  a  large  se- 
ries of  fossils.  From  a  section  of  the  works  at  Lissitchia-Balka  on 
the  river  Donetz,  we  learn  that  in  a  depth  of  900  feet  there  are 
twelve  seams  of  coal,  the  united  thickness  of  which  amounts  to  thirty 
feet ;  they  are  associated  with  sandstones,  grits  and  shales  ;  and  eight 
beds  of  limestone  are  intercalated  (containing,  from  the  uppermost 
to  the  lowest,  marine  shells),  the  united  thickness  of  which  is  fifty 
feet,  three  of  the  beds  of  limestone  resting  directly  on  the  coal. 
Many  of  the  forms  of  Equisetacca,  Calamites,  Sigillariae  and  Ferns 
are  of  the  same  species  as  those  of  the  west  of  Europe ;  and  the  car- 
boniferous fauna  of  Russia  contains  numerous  forms  identical  with 
those  in  the  same  class  of  rocks  in  the  British  Isles. 

A  glance  at  the  Geological  Map  which  accompanies  Mr.  Lyell's 
*  Travels,*  shows  the  enormous  development  of  the  coal  series  in  the 
territory  of  the  United  States,  and  that  it  occupies  no  inconsiderable 
space  in  Nova  Scotia  and  New  Brunswick.  We  learn  from  the  re- 
port of  Mr.  Logan,  on  the  Geology  of  Canada,  which  I  shall  pre- 
sently refer  to,  that  a  great  coal-field  covers  nearly  the  whole  of 
New  Brunswick,  a  considerable  part  of  Nova  Scotia,  Cape  Breton 
Island  and  the  south-west  corner  of  Newfoundland.  The  greater 
part  of  the  carboniferous  series  in  North  America  belongs  to  the 
upper  portion,  and  not  only  abounds  with  numerous  and  thick  beds 
of  coal,  but,  on  the  western  side  of  the  Alleghanies  especially,  they 
are  so  little  disturbed,  and  lie  so  nearly  horizontal,  that  the  coal  is 
quite  easy  of  access ;  and  where  the  strata  are  intersected  by  rivers, 
it  can  be  obtained  with  little  trouble  or  expense.  The  great  coal- 
field of  Pennsylvania,  Virginia  and  Ohio  extends  continuously  from 
north-east  to  south-west  for  a  distance  of  720  miles,  its  breadth 
being  in  some  places  180  miles*.     That  extending  over  parts  of  II- 

*  On  the  17th  of  March  I  received  a  letter  from  Mr.  Lyell,  dated  the  16th  of 
February  at  Tuscaloosa  in  Alabama,  containing  a  notice  on  the  iVlabama  coal-field, 
and  which  was  rearl  at  tlie  Geological  Society  on  the  25th  of  March.  lie  states 
that  he  had  been  examining  three  coal-fields,  the  existence  of  which  was  unknown 
to  him  when  he  compiled  his  Map  in  1844.  They  occur  near  Tuscaloosa,  in  the 
centre  of  Alabama,  more  than  1 00  miles  farther  south  in  a  direct  line  than  the 
aouthem  limit  which  he  had  assigned  to  the  Appalachian  coal-field,  and  are  situ- 
ated on  the  Tombecbee,  Great  Warrior,  and  Cahawba  rivers.  That  on  the  Great 
Warrior  river  has  been  found  by  Professor  Brumby  of  the  University  of  Tusca- 
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linois,  Indiana  and  Kentucky  is  not  much  inferior  in  dimensions  to 
the  whole  of  England,  and  consists  of  horizontal  strata,  with  nume- 
rous rich  seams  of  bituminous  coal.  Another  carboniferous  depo- 
sit, 170  miles  by  100,  lies  farther  to  the  north,  between  Lakes  Mi- 
chigan and  Huron.  I  may  give  the  following  as  an  example  of  the 
almost  boundless  resources  of  fuel  which  this  country  affords.  At 
Brownsville,  on  the  Ohio,  there  is  a  seam  ten  feet  thick  of  good  bi- 
tuminous coal,  commonly  called  the  Pittsburg  seam,  which  may  be 
followed  the  whole  way  to  Pittsburg,  fifty  miles  distant.  "  The 
boundaries  of  this  seam  have  been  determined  with  considerable  ac- 
curacv  by  the  Professors  Rogers  in  Pennsylvania,  Virginia  and  Ohio, 
and  they  have  found  the  elliptical  area  which  it  occupies  to  be  225 
miles  in  its  longest  diameter,  while  its  maximum  breadth  is  about 
100  miles,  giving  a  superficial  extent  of  about  1 4,000  square  miles." 
Mr.  Lycll  states  that  at  Blossberg  in  Pennsylvania  he  was  much 
struck  with  the  surprising  analogy  of  the  coal-measures  to  those  of 
Europe  in  mineral  and  ^ssil  characters.  The  same  grits  or  sand- 
stones are  found  as  those  used  for  building  near  Edinburgh  and  New- 
castle ;  similar  black  shales  occur,  oflen  bituminous,  with  the  leaves 
of  ferns  spread  out  as  in  a  herbarium,  the  species  being  for  the  most 
part  identical  with  British  fossil  plants ;  there  are  seams  of  good  bi- 
tuminous coal,  some  a  few  inches,  others  several  yards  in  thickness 
associated  with  beds  and  nodules  of  clay  ironstone ;  and  the  whole 
series  rests  on  a  coarse  grit  and  conglomerate  containing  quartz  peb- 
bles, very  like  our  millstone  grit.  The  same  similarity  of  mineral 
and  fossil  characters  to  European  coal-measures  is  found  to  prevail 
throughout  North  America.  That  remarkable  circumstance  of  the 
▼cry  general  occurrence  of  a  sandy  clay  abounding  in  Stigmariae  be- 
neath the  seams  of  coal,  observed  in  the  Welsh  and  other  ooal-fields 
of  Britain,  is  also  found  to  prevail  in  those  of  North  America.  Mr. 
Lyell  saw  numerous  instances  of  this ;  thus,  at  Pottsville  in  Pennsyl- 
vania, there  are  thirteen  seams  of  anthracitic  coal  (true  bituminous 
coal  supposed  to  be  altered'by  metamorphic  action,  a  subject  to  which 
I  shall  allude  hereafter),  several  of  them  from  eight  to  ten  feet  thick, 
and  in  a  vertical  position  :  on  the  side  which  had  been  the  roof  of  the 
coal,  consisting  of  shales,  he  observed  numerous  ferns  with  stems  of 
Sigillaria,  Lepidodendron  and  Calamites ;  on  the  other  side,  that 
which  had  once  been  the  floor,  he  found  an  underclay  with  numerous 
Stigmariae,  often  several  yards,  and  even  in  some  cases  as  much  as 
thirty  feet  long,  with  their  leaves  or  rootlets  attached. 

Theories  of  ike  Formation  of  Coal. 

It  is  scarcely  possible  to  visit  a  coal-flcld,  or  to  read  the  descrip- 
tion of  one,  without  being  led  to  theorize  on  its  mode  of  formation. 
The  origin  of  coal  has  long  been  a  subject  of  great  difficulty,  nor 

loots,  to  be  DO  lew  than  ninety  miles  long  from  north-east  to  south-west,  with  a 
breadth  of  from  thirty  to  forty  miles.  These  coal-fields  are  portions  of  the  grei* 
Appalachian  ooal-field,  with  the  same  mineral  and  palfeontological  characters. 
Mr.  Lyeil  promiset  a  moce  detailed  account  of  his  observations. — J^nil  3, 1846. 
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haf  any  theory  been  yet  advanced  with  which  it  has  been  posaible 
to  reconcile  all  the  appearances  which  the  coal-measures  exhibit,  all 
the  yariety  of  forms  in  which  coal  is  found.  Indeed  the  more  closely 
we  examine  the  phaenomena,  the  more  do  we  feel  the  distance  we 
are  from  a  satisfactory  explanation  of  them.  According  to  some 
geologists,  coal-seams  and  their  accompanying  strata  are  accumula- 
tions of  land  plants  and  stony  detritus  carried  down  by  rivers  into 
estoaries,  and  deposited  in  the  sea,  where  the  vegetable  matter  un- 
dergoes changes  that  convert  it  iuto  coal.  Others  are  of  opinion 
that  coal  is  the  altered  residuum  of  trees  and  smaller  plants  that 
have  grown  on  the  spot  where  we  now  find  them ;  that  the  forests 
were  submerged  and  covered  by  detrital  matter,  which  was  upraised 
to  form  a  foundation  and  a  soil  for  another  forest,  to  be  in  its  turn 
submerged  and  converted  into  coal,  and  that  thus  the  alternations 
which  the  vertical  section  of  a  coal-field  exhibits  are  to  be  accounted 
for. 

In  the  works  of  the  last  year  to  which  I  have  chiefly  referred, 
we  find  the  former  theory  maintained  by  Sir  R.  Murchison  as  most 
generally  applicable ;  Mr.  Lyell  is  more  inclined  to  adopt  the  latter. 
Sir  R.  Murchison  dwells  upon  the  facts  of  the  alternations  of  coal 
with  limestones  containing  marine  remains,  which  are  so  frequently 
met  with  in  most  countries  where  coal-fields  prevail ;  and  as  a  stri- 
king instance  of  this,  he  refers  to  the  Donetz  coal-field  which  I  have 
already  alluded  to.  A  remarkable  example  of  a  similar  kind,  occur- 
ring in  Maryland,  is  mentioned  by  Mr.  Lyell.  At  Frostburg  a  black 
shale  ten  or  twelve  feet  thick,  full  of  marme  shells,  rests  on  a  seam 
of  ooal  about  three  feet  thick,  and  SOO  feet  below  the  principal  seam 
of  coal  in  that  place.  The  shells  are  referable  to  no  less  than  seven- 
teen species,  and  some  of  them  are  identical  with,  and  almost  all  the 
rest  have  a  near  affinity  to  species  found  in  the  Glasgow  and  other 
coal-measures. 

The  theory  which  refers  the  coal  to  trees  and  plants  which  have 
grown  on  the  spot  where  it  now  rests  is  illustrated  by  Mr.  Lyell  by 
observations  he  made  in  Nova  Scotia,  on  the  south  shore  of  the  Bay 
of  Fundy,  at  a  place  called  **  The  Joggins."  He  states  that  there 
is  a  range  of  perpendicular  clifi^s  composed  of  regular  coal-measures, 
inclined  at  an  angle  between  24  and  30  degrees,  whose  united  thick- 
ness is  between  four  and  five  miles.  About  nineteen  seams  of  coal 
occur  in  the  series,  and  they  vary  from  two  inches  to  four  feet  in  thick- 
ness. The  beds  are  quite  undisturbed,  save  that  they  have  been 
bodily  moved  from  the  horizontal  position  in  which  they  must  have 
been  deposited  to  that  inclination  they  now  have.  In  these  coal-beds, 
at  more  than  ten  distinct  levels,  are  stems  of  trees,  in  positions  at 
right  angles  to  the  planes  of  stratification,  that  is,  which  must  have 
stood  upright  when  the  coal-measures  were  horizontal.  No  part  of 
the  original  plant  is  preserved,  except  the  bark,  which  forms  a  coat- 
ing of  bituminous  coal,  the  interior  being  a  solid  cylinder  of  sand 
and  clay,  without  traces  of  organic  structure,  as  is  usually  the  case 
with  Sigillaria,  and  like  the  upright  trees  in  the  coal-measures  cut 
tHroogh  by  the  Bolton  Railway.    The  trees,  or  rather  the  remains 


172       PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

of  stems  of  trees  broken  off  at  different  heights  above  the  root,  vary 
in  height  from  six  to  twenty-five  feet,  and  in  diameter  from  fourteen 
inches  to  four  feet.  There  are  no  appearances  of  roots,  but  some  of 
the  trees  enlarge  at  the  bottom.  They  rest  upon,  and  appear  to  have 
grown  in,  the  mass  which  now  constitutes  the  coal-seams  and  under- 
lying shale,  never  intersecting  a  superior  layer  of  coal,  and  never 
terminating  downwards  out  of  tlie  coal  or  shale  from  which  the  stem 
rises.  The  underclay  or  shale  often  contains  Stigraariae.  Here 
then,  he  states,  are  the  remains  of  more  than  ten  forests,  which  grew 
the  one  over  the  other,  but  at  distant  intervals,  during  which  each, 
from  the  lowest  upwards,  was  successively  covered  by  layers  of  great 
thickness  of  clays  and  solid  stone,  the  materials  of  which  roust  have 
been  arranged  and  consolidated  under  the  surface  of  water,  and  the 
vegetation  of  every  layer  in  which  the  upright  trees  are  fixed  must 
have  grown  on  land. 

The  formation  of  coal-measures  like  the  above,  and  of  all  others 
where  there  is  evidence  that  the  vegetable  matter  was  not  drifted  to 
the  place  it  now  occupies,  but  must  have  grown  on  the  spot,  is 
then  accounted  for  by  supposing,  that  the  land  sank  below  the  level 
of  adjoining  water;  that,  gravel,  sand  and  mud  were  washed  down 
from  the  land  that  did  not  sink,  and  formed  layers  of  clay  and 
sandstone  over  the  submerged  forest,  either  in  sufficient  quantity 
to  rise  to  the  surface  of  the  water  and  form  land  for  the  next 
forest,  which  was  submerged  in  its  turn,  or  that  a  contrary  in- 
ternal movement  took  place,  which  again  raised  the  submerged  land ; 
and  that  for  every  seam  of  coal,  one  above  the  other,  a  similar  series 
of  changes  must  have  taken  place.  It  is  to  this  oscillatory  move- 
ment that  Mr.  Lyell  ascribes  the  formation  of  the  above  remarkable 
phaenomena  in  the  Bay  of  Fundy,  and  others  of  a  like  nature. 

At  first  sight,  both  theories  seem  well-founded,  when  applied  to 
the  particular  coal-fields  described ;  and  it  is  possible  that  these 
eminent  and  experienced  geologists  may  be  of  opinion  that  both  are 
true,  as  applied  to  different  situations.  But  I  see  great  difficulties 
to  the  full  acceptance  of  either,  in  many  of  the  phsenomena  which, 
on  a  close  examination,  we  find  coal-fields  generally  present.  As  ex- 
amples, I  will  call  your  attention  to  two  sections  that  have  very  re- 
cently been  published ;  the  one  a  section  of  the  western  part  of  the 
South  Welsh  Coal-field,  included  in  the  valuable  series  lately  issued 
from  the  Office  of  the  Geological  Survey  of  Great  Britain,  the  work  of 
W.  E.  Logan,  Esq.,  a  Fellow  of  this  Society,  so  well  known  to  us  as 
an  excellent  observer,  and  as  intimately  acquainted  with  coal-fields, 
and  who  was  formerly  attached  to  that  Survey ;  the  other  is  entitled 
a  "  Section  of  the  Nova  Scotia  Coal-Measures,  as  developed  at  The 
Joggins,  on  the  Bay  of  Fundy,  in  descending  order,  from  the  neigh- 
bourhood of  West  Rugged  Reef  to  Minudie,  reduced  to  vertical 
thickness."  It  is  also  the  work  of  Mr.  Logan,  who  is  now  employed 
by  the  Government  of  Canada  to  make  a  Geological  Survey  of  that 
country,  and  is  contained  in  his  Report  to  the  late  Governor  Sir 
Charles  Metcalfe,  and  transmitted  by  the  Governor  to  the  Legis- 
lative Assembly.     And  here  I  may  remark,  in  passing,  that  while 
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we,  as  geologists,  have  to  thank  that  provincial  Government  for 
Gommencing  so  useful  an  undertaking,  we  have  also  the  satisfaction 
of  feeling  convinced  that  it  will  be  prosecuted  with  vigour  by  the 
present  Governor,  Earl  Cathcart,  one  of  our  own  body,  and,  as 
we  know,  an  able  and  active  geologist.  This  is  a  section  of  the 
same  series  of  coal-measures  so  carefully  examined  and  described  by 
Mr.  Lyell*,  though  with  less  minuteness  of  detail  as  to  the  lithological 
characters  and  dimensions  of  the  several  beds.  The  phaenomena 
exhibited  in  the  above  sections  are  not  peculiar  to  them ;  they  are 
to  a  great  extent  common  to  all  coal-fields,  particularly  in  the 
higher  parts  of  the  carboniferous  series. 

Before  giving  the  analyses  I  have  made  of  these  sections,  I  wish 
to  call  to  your  recollection  that  in  both  theories  it  is  assumed,  that 
the  deposition  of  the  coal-measures  took  place  in  the  sea,  Mr.  Lyell 
speaks  of  the  accumulations  having  taken  place  in  a  sea:  he  says, 
"  It  by  no  means  follows  that  a  sea  four  or  five  miles  deep  was  filled 
up  with  sand  and  sediment ;  on  the  contrary,  repeated  subsidences 
may  have  enabled  this  enormous  accumulation  of  strata  to  have  taken 
place  in  a  sea  of  moderate  depth." 

The  example  from  South  Wales  is  a  vertical  section  f,  representing 
the  beds  as  they  are  known  to  succeed  each  other  in  descending 
order,  the  dimensions  being  the  thickness  of  each  bed  at  right  angles 
to  the  plane  of  stratification.  The  coal-measures  rest  upon  carboni- 
ferous limestone,  in  an  inclined  and  somewhat  waved  stratification ; 
and  although  these  measurements  would  vary  in  different  places, 
from  the  swellings  and  thinnings-out  which  all  strata  exhibit  more  or 
less  when  traced  to  a  distance,  they  are  probably  not  far  from  the 
average  amount  over  a  large  area. 

1.  From  the  top  of  the  highest  bed  to  the  limestone,  the  sum  of  the 
measurements  amounts  to  nearly  7000  feet ;  that  is,  the  beds  must  have 
been  originally  deposited  over  each  other  in  horizontal  or  nearly  horizontal 
stratification  to  that  thickness. 

2.  Reckoning  only  the  greater  divisions,  when  a  diflference  of  mineral 
character  takes  place,  there  are,  besides  the  coal-seams,  340  beds,  from  a 
few  inches  to  190  feet  thick,  without  alteration  of  mineral  composition; 
involving,  in  the  latter  cases,  long  periods  without  any  change  in  the  nature 
of  the  detritus  washed  into  the  water  where  the  deposition  was  going  on. 

3.  These  beds  consist  of  sandstones,  arenaceous  and  argilliferous  slates, 
and  clays,  alternating  w^ithout  any  apparent  order  of  succession ;  some- 
times one  sometimes  another  lying  upon  the  coal ;  and  occasionally,  but 
not  frequently,  the  shale  upon  the  coal  is  said  to  be  carbonaceous. 

4.  Interstratified  with  these  beds  are  eighty -four  seams  of  coal,  from 
one  inch  to  nine  feet  thick ;  the  highest  being  covered  by  a  series  of  beds 
of  sandstone,  &c.  200  feet  thick  ;  the  lowest  seam  separated  from  the  car- 
boniferous limestone  by  1340  feet  of  similar  sandstones  and  shales,  making 
the  coaUhearing  strata  5460  feet  in  thickness. 

5.  The  seams  of  coal  occur  at  very  unequal  distances  ;  some  are  sepa- 
rated by  a  few  inches  only  of  shale  or  sandstone,  others  by  as  mach  as 
360  feet. 

*  '  Travels  in  America/  vol.  ii.  p.  1 78. 

t  No.  1  in  the  series,  illustrating  the  horizontal  section  No.  7. 
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6.  Tliere  are  twenty- three  seams,  occurring  in  snccession,  moat  of  whidi 
are  not  distinguished  by  any  term  indicating  quality ;  in  two  instanoea, 
one  a  three- feet  seam,  they  are  said  to  be  biiuminous,  and  several  aeamaart 
said  to  be  binding,  which  means  the  same  as  caking,  a  quality  which  only 
richly-bituminous  coals  possess ;  the  rest  are  merely  called  "  Coal."  These 
twenty-three  seams  with  their  interstratified  sandstones  and  shales  occupy 
1840  feet. 

7.  Then  succeed  thirteen  seams,  in  a  space  of  1000  feet,  and  nine  of 
these  are  described  as  "  not  bituminou9,*' 

8.  The  thirty  ^seventh  seam,  in  descending  order,  is  said  to  he  anthrmciHe, 
and  fourteen  seams  below  it  are  so  desigoated :  then  come  four  seaina 
merely  called  "  Coal,"  and  all  very  thin.  Beneath  the  lowest  of  theee^ 
and  separated  by  sixty  feet  of  arenaceous  shales  and  sandstones,  comes  a 
bed  of  coal,  four  feet  six  inches  thick,  called  Anthracite,  with  ^ve  feet  of 
nnderday ;  beneath  this  are  seven  seams  called  Anthracite,  and  three  more 
are  intercalated  called  anthracitie, 

9.  Between  the  thirty-seventh  seam,  called  Anthracitie,  and  the  lowest 
of  all,  which  is  called  Anthracite,  there  are  twenty«two  seams  intercalated, 
without  having  any  distinctive  term  affixed  to  them,  most  of  them  very 
thin ;  but  about  midway,  three  occur  near  together,  without  intermediate 
sandstones  and  shales,  but  separated  by  clay  containing  Stigmarias,  in  the 
following  manner : — 

ft.  in. 

Coal 1  0 

Underclay 0  4 

Coal 4  0 

Underclay 8  0 

Coal 1  4 

Underclay 8  0 

10.  The  seams  of  coal,  whether  termed  merely  "  Coal,"  or  bituminoof, 
or  anthracitie,  or  anthracite,  have,  with  very  few  exceptions,  underclap, 
and  these,  generally,  but  not  uniformly,  contain  Stigmarise.  The  two  lowest 
beds  of  anthracite  have  underclays  of  five  feet  each,  the  third  from  the 
bottom  has  seven  feet  of  underclay,  each  with  Stigmariae.  The  underclay 
is  of  variable  thickness ;  in  no  part  more  than  fourteen  feet,  and  except  in  a 
few  instances,  is  always  said  to  contain  the  Stigmaria  ficMei. 

1 1 .  There  appears  to  be  no  relation  between  the  thickness  of  the  under- 
day  with  StigmaritB,  and  that  of  the  coal  resting  upon  it.  The  thickest 
seam  of  coal,  which  is  nine  feet,  rests  on  three  feet  of  underclay,  and  there 
are  instances  of  a  scam  of  coal  only  an  inch  thick,  with  five  feet  of  under- 
clay stated  to  heJUled  with  Stigmaria. 

19.  A  bed  of  day,  eight  feet  thick,  with  Stigmarise,  has  no  coal  upon  it» 
but  a  foot  of  carbonaceous  shale  ;  and  above  that  forty  feet  of  arenaceous 
shale,  then  four  feet  of  clay  with  Stigmariae,  covered  by  three  inches  of 
coal,  and  that  overlaid  by  twenty-five  feet  of  argillaceous  shale  and  sand- 
stone. 

13.  In  no  caae  is  any  difference  stated  in  the  mineral  character  of  the 
sandstones  or  shales  either  over  or  under  the  Anthradte  seams*  or  of  any 
other  coal-seam. 

The  example  from  Note  Scotia  is  a  yertioal  section  on  the  same 
plan  as  that  in  South  Wales ;  and  the  coal-measures  there  also  reel 
upon  limestone,  containing  organic  remains,  '*  among  which  there  Ui 
in  some  abundance,  a  bivalve  shell  which  Mr.  Logan  recogniaed  aa 
identical  with  Producta  Z^felli  of  Windaor  in  Nova  Scotia*"    Tbia 
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limeBtoDe  at  Windsor  Mr.  Lyell  describes  as  "  a  lower  carboniferous 
limestone."  The  total  vertical  thickness  of  the  coal-measures  is 
more  than  double  that  of  the  South  Wales  section,  being  14,570 
feet. 

a.  The  number  of  distinct  beds  in  the  section^  of  which  separate  mea- 
surements are  given,  is  1114,  from  six  inches  to  138  feet  thick,  without 
diange  in  mineral  composition. 

b.  These  beds  consist  of  quartzose  sandstones,  grits  and  conglomerates, 
and  of  arenaceous  and  argillaceous  shales,  all  of  various  shades  of  red,  grey, 
and  green,  without  any  apparent  order  of  succession,  sometimes  one  some- 
times another  lying  upon  the  coal,  and  occasionally  a  carbonaceous  shale 
is  associated  and  intermixed  with  the  coal-seams. 

e.  Interstratified  with  these  beds  are  seventy -six  seams  of  coal,  from  an 
inch  to  two  fett  thick,  the  far  greater  proportion  very  thin.  The  aggregate 
thickness  of  the  seventy-six  seams  is  only  forty-four  feet,  and  there  is  about 
the  same  aggregate  thickness  of  carbonaceous  shale.  The  highest  seam  is 
covered  by  a  series  of  beds  of  sandstones,  conglomerates  and  shales,  22/4 
feet  thick.  Beneath  the  lowest  seam  of  coal  there  are  2800  feet  of  sand- 
stones and  shales  of  the  same  nature  as  those  above,  but  having  numerous 
beds  of  grey  concretionary  limestone  intercalated.  Thus  the  eoaUbwring 
strata  have  a  thickness  of  about  9500  feet. 

d.  There  are  no  terms  attached  to  the  word  "Coal"  indicating  any 
change  of  quality  throughout  the  section.  Some  of  the  seams  are  called 
"  Coaly  clay,"  others  "  Carbonaceous  shale"  mixed  with  the  coal.  The 
teams  occur  at  very  unequal  distances ;  from  a  few  inches  apart  to  more 
than  1200  feet. 

f.  As  in  the  South  Wales  section,  the  coal-seams  usually  rest  on  beds 
containing  Siiffmaria,  but,  in  a  great  proportion  of  instances,  these  occur 
not  in  clay  but  in  sandstone  and  arenaceous  shale.  This  under  bed  is  from 
a  foot  to  twenty-seven  feet  in  thickness  ;  in  one  place  an  understone  with 
SHowutria  ten  feet  thick  has  a  seam  of  coal  over  it  only  an  inch  thick. 

/.  Between  the  sixty-seventh  and  sixty- eighth  coal-seams,  the  former 
with  associated  carbonaceous  shale  only  fourteen  inches  thick,  there  are 
170  beds  of  sandstone  and  argillaceous  shale,  from  six  inches  to  132  feet 
thick,  their  aggregate  thickness  being  2620  feet,  and  the  sixty-eighth  coal- 
seam  is  only  called  coaly  clay,  two  inches  thick,  with  an  underclay  con- 
taining Stigmaria  leaves  of  six  feet. 

g.  (n  the  2274  feet  of  sandstones,  &c.  lying  above  the  highest  seam  of 
coal,  fragments  of  plants  are  seen  in  several  of  the  beds ;  they  first  occur 
in  a  bed  of  sandstone  218  feet  from  the  top,  and  the  plants  are  converted 
into  coal ;  they  are  often  called  "  drift  plants,"  and  stated  to  be  ''coated 
with  coal."  In  one  bed  there  are  "  carbonized  drift  plants  of  large  dia- 
nettr,"  say  one  foot,  the  stems  lying  prostrate ;  and  1520  feet  below  thia» 
there  is  a  sandstone  "  fit  for  grindstones,  with  a  few  CahmitM  nearly  at 
right  angles  to  the  plane  of  the  beds,  as  if  in  situ,  but  forced  over  at  the 
tops"  this  sandstone  rests  on  a  black  carbonaceous  shale  two  feet  thick, 
but  it  is  not  stated  whether  the  Calamites  are  fixed  in  this  carbonaceous 
stratum.  Between  this  last  and  the  first  seam  of  coal,  which  is  only  one 
inch  thick,  there  are  three  feet  of  a  "  greenish-grey  sandstone  with  SHg* 
wuttriafieoide$"  succeeded  by  two  feet  of  "  grey  argillaceous  shale  with  im- 
pressions off  ems  and  other  plants." 

Between  the  seventy-fifth  seam,  half  an  inch,  and  the  seventy- sixth,  two 
inches  thick,  are  eighty-four  beds  of  sandstone  from  a  foot  to  117  feet 
thick>  together  1229  feeti  and  twenty  of  these  beds,  all  called  greenish- 
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grey  Bandstone,  are  said  to  contain  carbonized  drift  plants ;  and  in  one  of 
these  beds  there  is  said  to  be  "  a  vast  confused  collection  of  carboniiied 
drift  plants ;  one  lying  prostrate  measured  twenty-five  feet  in  length,  and 
about  one  foot  in  diameter  at  the  small  end."  So  likewise  in  the  2800 
feet  of  sandstones,  &c.  which  are  beneath  the  seventy- sixth  or  lowest  seam 
of  coal,  ten  of  the  beds  are  said  to  contain  carbonized  drift  plants. 

h.  At  a  distance  of  4400  feet  from  the  surface  there  occurs  a  "  bitumi- 
nous limestone  with  shells  and  fish-scales/'  four  feet  thick,  and  lower  down, 
in  the  succeeding  2000  feet,  there  are  eighteen  beds  of  similar  bituminous 
limestone,  one  of  them  only  half  an  inch  thick,  eleven  of  them  under  six 
inches,  and  the  thickest  two  feet.  Neither  the  shells  nor  the  nature  of  the 
fish-scales  are  described,  but  that  these  are  freshwater  limestones  may  be 
inferred  from  this,  that  several  of  them  are  mixed  with  Stigmariae  and  other 
plants :  thus,  associated  with  the  twenty-eighth  seam  of  coal  is  a  "  bitu- 
minous limestone  and  carbonaceous  shale  in  alternate  layers  of  one  to 
three  inches,  with  plants,  shells  and  fish-scales ; "  under  the  thirty-first, 
"with  Stigmariae,  shells  and  fish-scales;"  along  with  the  thirty-sixth, 
"  black  bituminous  limestone  with  branches  and  leaves  of  Stigmarim  well- 
marked,  and  very  minute  shells  ;"  under  the  forty-fourth,  "  with  Stigma- 
rim  branches  and  leaves,  fragments  of  other  plants,  and  minute  shells." 
Mr.  Lyell  states  that  he  obser\'ed  "  not  far  above  the  uppermost  coal-seams 
with  vertical  trees,  two  strata,  perhaps  of  freshwater  or  estuary  origin, 
composed  of  black  calcarco-bituminous  shale,  chiefly  made  up  of  com- 
pressed shells,  of  two  species  of  Modioli!,  and  two  kinds  of  Oypris."  It  is 
possible,  therefore,  that  the  "minute  shells"  of  Mr.  Logan  are  Cypris. 
Beneath  the  lowest  seam  of  coal  are  intercalated  fourteen  beds  of  what  is 
called  a  "  Concretionary  limestone,"  and  "  Limestone  in  concretionary 
nodules,"  from  one  to  three  feet  thick,  one  of  them  as  much  as  eight  feet, 
and  in  one  instance  the  limestone  is  said  to  contain  carbonized  drift 
plants. 

«.  Several  instances  are  given  of  stems  of  plants  standing  perpendicular 
to  the  plane  of  stratification  ;  the  first  is  21 60  feet  from  the  top  of  the  up- 
permost bed. 

«•  Calamites  "as  if  tn  situ.** 

/3.  Lower  down,  5/0  feet  below  a,  two  upright  stems  of  Calamites, 
two  inches  in  diameter,  coated  with  coal,  start  from  the  top  of  a  dark 
grey  argillaceous  shale,  and  penetrate  into  a  grey  shale  with  sandstone 
above.    The  length  of  the  stems  is  not  given. 

y.  Forty  feet  below  is  a  foot  of  sandstone  and  then  a  foot  of  shale,  and 
"  in  this  shale,  and  running  into  the  sandstone  above,  is  a  Catamite  at  an 
angle  of  45" :  it  appears  to  start  from  a  coal-seam  below,  an  inch  thick." 

0.  Beneath  this,  640  feet,  a  seam  of  coal  three  inches  thick  occurs,  and 
from  it  "  there  springs  up  an  erect  Sigillaria  eighteen  inches  in  diameter, 
and  it  penetrates  the  shale  and  sandstone  above  it,  five  feet  of  the  plant 
being  visible."  Underneath  the  coal  is  "  a  grey  sandstone  with  Stignutria 
ficoides  (under clay).*' 

f.  The  next  instance  given  is  1038  feet  lower  down,  where,  from  a  grey 
argillaceous  shale,  rises  an  upright  Sigillaria,  one  foot  in  diameter,  pene- 
trating to  a  height  of  two  feet  into  argillaceous  shale  above.  There  are  sixteen 
feet  of  sandstone  and  shale  below  this  Sigillaria,  &nd  wit/iout  Stigmarim, 

^,  The  next  is  270  feet  lower,  where,  from  an  argillaceous  shale,  "  springs 
an  upright  Sigillaria  of  one  foot  in  diameter ;  the  lower  part  commences 
to  spread."  There  are  seven  feet  of  argillaceous  shales,  with  ironstone  balls, 
beneath  this  Sigillaria,  without  SligmaricR, 

n.  The  next  is  228  feet  lower,  where  from  a  "  gray,  crumbly,  argillaceous 
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ilude,  like  underclay,  but  do  Stigmarice  visible,  spring  several  upright  Ca- 
lamites,  three  of  them  in  the  distance  of  two  feet,  and  eight  more,  the 
whole  eleven  in  the  distance  of  twenty  feet." 

0,  The  next,  137  feet  lower,  in  sandstone,  are  upright  Calamites,  three 
in  the  space  of  a  foot. 

/.  From  a  carbonaceous  shale,  a  foot  thick,  sixty- two  feet  lower,  "  spring 
up  erect  Calamites,  penetrating  an  arenaceous  shale  above  two  feet ;  and 
there  are  seven  in  the  space  of  eight  feet." 

».  The  next  is  254  feet  lower,  where,  from  an  argillaceous  shale,  springs 
an  upright  Sigillaria,  four  inches  in  diameter ;  five  feet  of  it  arc  seen  in  a 
sandstone  above.  Argillaceous  and  carbonaceous  shale  beneath,  six  feet 
thick,  does  not  contain  StigmaritB. 

X.  From  a  grey  argillaceous  shale,  twenty-two  feet  lower  down,  springs 
an  upright  Sigillaria.  Its  roots  spread  out  into  the  shale,  which  is  ten 
feet  thick,  and  does  not  contain  Stigmaria ;  but  over  it  lies  a  grey,  crumbly, 
aigillo-arenaceous  shale  or  sandstone  with  Stigmaria,  in  which  six  feet  of 
the  stem  are  visible.  From  the  root  of  the  plant  proceeds  a  Stigmaria 
branch,  which  at  first  sight  had  much  the  appearance  of  being  a  root  of 
the  Sigillaria,  but  close  inspection  showed  that  the  two,  although  touching, 
were  distinct. 

f*.  The  next  is  108  feet  lower,  where,  from  a  grey  argillaceous  shale, 
"springs  an  upright  Sigillaria,  eighteen  inches  in  diameter,  penetrating  an 
incumbent  sandstone."  Fourteen  feet  of  argillaceous  shale  and  sandstone 
beneath  do  not  contain  Stigmaria. 

9,  The  next  is  133  feet  lower,  where,  from  a  thin  seam  of  coal  with 
carbonaceous  shale  beneath,  "  rises  an  upright  Sigillaria ;  the  roots  spread 
on  the  top  of  the  coal ;  the  plant  is  a  foot  in  diameter,  and  only  one  foot 
of  the  length  is  visible." 

S.  The  next  is  160  feet  lower,  where,  from  a  red  argillaceous  shale, 
springs  an  upright  Sigillaria.  Two  feet  of  the  length  is  seen,  but  it  is  cut 
clean  off  at  the  top  and  at  the  bottom  by  the  measures  which  pass  both 
without  disturbance.     No  Stigmarite  occur  for  many  yards  below. 

0.  The  next  is  101  feet  lower,  where,  from  grey  argillaceous  shale,  six 
feet  thick,  without  Stigmariie,  starts  an  upright  Sigillaria,  four  inches  in 
diameter ;  it  is  planted  two  feet  in  the  shale,  and  penetrates  the  sandstone 
above,  being  four  feet  in  length  altogether. 

«•.  The  next  is  362  feet  lower,  where,  from  a  red  and  dark  grey  varie- 
gated shale,  twenty-eight  feet  thick,  with  small  balls  of  ironstone  and  Stig^ 
maria,  arise  two  upright  Sigillariis,  The  roots  of  these  spread  out  just 
on  the  top  of  the  bed,  and  two  feet  of  the  plant  are  visible.  The  roots  of 
the  other  spread  out  likewise,  but  they  sink  deeper  into  the  shale  by  two 
feet,  and  the  plant  penetrates  farther  into  the  superincumbent  sandstone." 

0.  The  next  distinct  instance  is  490  feet  lower,  where,  from  a  grey  ar- 
gillaceous shale,  several  upright  Catamites  from  half  an  inch  to  four  inches 
in  diameter  penetrate  an  incumbent  grey  arenaceous  and  argillaceous  shale 
containing  prostrate  carbonized  plants.  The  roots  of  a  Calamite  three 
indies  in  diameter,  spread  on  the  top  of  the  shale  underneath ;  and  twenty- 
one  more  Calamites  are  visible  along  the  bank  in  the  space  of  twenty 
yards. 

This  is  the  last  instance  stated  of  stems  of  plants  found  in  the 
strata  perpendicular  to  the  plane  of  stratification ;  the  seventeen  in- 
stances thus  occurring  in  a  vertical  thickness  of  4515  feet. 

Throughout  the  whole  7000  feet  in  the  South  Wales  section,  aiid> 
if  the  limestones  are,  as  is  most  probable,  of  freshwater  origin,  also 
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throughout  the  14<y570  feet  in  the  Nova  Scotia  section,  there  ap<- 
pears  to  be  no  trace  of  any  substance  of  a  marine  character ;  and 
from  anything  exhibited  in  the  composition  of  the  beds,  all  might 
have  been  deposited  in  fresh  water.  It  seems  infinitely  impro- 
bable, had  the  deposition  taken  place  in  a  sea,  that  a  series  of 
accumulations  of  this  description,  implying,  be  it  observed,  a  vast 
duration  of  time,  with  different  depths  and  different  qualities  of  sea- 
bottoms,  should  have  taken  place  without  a  trace  being  discoverable, 
either  upon  the  surface  of  the  submerged  layers  of  vegetable  mat- 
ter, or  in  any  part  of  the  clays  and  sandstones  that  lie  upon  tbeiiii 
of  a  marine  animal  or  plant  It  seems  no  less  improbable,  that,  in 
a  sea  skirting  a  shore,  there  should  be  such  an  absence  of  agitation 
throughout  so  vast  a  space  of  time,  as  to  allow  a  tranquil  deposit  of 
layers  of  fine  detritus  over  a  wide  area,  a  spreading  out  of  the  leaves 
of  delicate  plants  in  layers  of  clay  and  sand  like  the  specimens  in 
a  herbarium,  and  a  gradual  and  insensible  passage,  in  many  in- 
stances, from  one  bed  into  another.  Great  as  the  North  American 
lakes  are,  I  am  not  prepared  to  say  that  grave  objections  may  not 
be  urged  against  the  probable  existence  of  such  vast  bodies  of 
fresh  water  as  would  be  of  sufficient  extent  and  depth  to  receive  the 
beds  of  many  coal-fields ;  but  the  absence  of  marine  remains  through- 
out vast  depths  of  strata  in  coal-fields  is  a  remarkable  fact  well 
deserving  of  the  most  careful  investigation. 

That  the  terrestrial  vegetable  matter  from  which  coal  has  been 
formed  has  in  very  many  instances  been  deposited  in  the  sea  is 
unquestionable,  from  their  alternations  with  limestones  containing 
marine  remains.  Such  deposits  and  alternations  in  an  estuary  at  the 
mouth  of  a  great  river  are  conceivable,  but  whether  such  enormous 
beds  of  limestone,  with  the  corals  and  raollusks  which  they  contain, 
could  be  formed  in  an  estuary  may  admit  of  doubt.  But  it  is  not 
so  easy  to  conceive  the  very  dbtinct  separation  of  the  coal  and  the 
stony  matter,  if  formed  of  drifted  materials  brought  into  the  bay  by 
a  river.  It  has  been  said  that  the  vegetable  matter  is  brought  down 
at  intervals,  in  freshets,  in  masses  matted  together,  like  the  rafts  in  the 
Mississippi.  But  there  could  not  be  masses  of  matted  vegetable  matter 
of  uniform  thickness  14,000  square  miles  in  extent,  like  the  Browns- 
ville bed  on  the  Ohio  (the  Pittsburg  seam  mentioned  in  page  170); 
and  freshets  bring  down  gravel,  and  sand,  and  mud,  as  well  as  plants 
and  trees.  They  must  occur  several  times  a-year  in  every  river ; 
but  many  years  must  have  elapsed  during  the  gradual  deposit  of  the 
sandstones  and  shales  that  separate  the  seams  of  coal.  Humboldt 
tells  us  (Kosmos,  p.  295)  that  in  the  forest  lands  of  the  temperate 
zone,  the  carbon  contained  in  the  trees  on  a  given  surface  would  not 
on  an  average  of  a  hundred  years  form  a  layer  over  that  surface 
more  than  seven  lines  in  thickness.  If  this  be  a  well-ascertained 
fact,  what  an  enormous  accumulation  of  vegetable  matter  must  be 
required  to  form  a  coal-seam  of  even  moderate  dimensions  I  It  is 
extremely  improbable  that  the  vegetable  matter  brought  down  by 
rivers  could  fall  to  the  bottom  of  the  sea  in  clear  unmixed  layers ; 
it  would  form  a  confused  mass  with  stones,  sand  and  mud.     Again» 
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how  difficult  to  conceive,  how  extremely  improbable  in  such  circum- 
stances, is  the  preservation  of  delicate  plants,  spread  out  with  the 
most  perfect  arrangement  of  their  parts,  uninjured  by  the  rude  ac- 
tion of  rapid  streams  and  currents  carrying  gravel  and  sand,  and 
branches  and  trunks  of  trees. 

In  the  theory  which  accounts  for  the  formation  of  beds  of  coal 
by  supposing  that  they  are  the  remains  of  trees  and  other  plants 
that  grew  on  the  spot  where  the  coal  now  exists,  that  the  land  was 
submerged  to  admit  of  the  covering  of  sandstones  or  shale  being 
deposited,  and  again  elevated  so  that  the  sandstone  or  shale  might 
become  the  subsoil  of  a  new  growth,  to  be  again  submerged,  and 
this  process  repeated  as  often  as  there  are  seams  of  coal  in  the  series 
—these  are  demands  on  our  assent  of  a  most  startling  kind.     In  the 
sections  above  examined,  we  have  eighty-four  seams  of  coal  in  the 
one,  and  seventy-six  in  the  other.    In  the  Saarbruck  coal-field  there 
are  120  seams,  without  taking  into  account  the  thinner  seams,  those 
less  than  a  foot  thick*.     The  materials  of  each  of  these  seams,  how- 
ever thin  (and  there  are  some  not  an  inch  thick,  lying  upon  and 
covered  by  great  depths  of  sandstones  and  shales),  must,  according 
to  this  theory,  have  grown  on  land,  and  the  covering  of  each  must 
have  been  deposited  under  water.     There  must  thus  have  been  an 
equal  number  of  successive  upward  and  downward  movements,  and 
these  so  gentle,  such  soft  heavings,  as  not  to  break  the  continuity 
or  disturb  the   parallelism  of  horizontal  lines  spread   over  hun- 
dreds of  square  miles;  and  the  movements  must,  moreover,  have 
been  so  nicely  adjusted,  that  they  should  always  be  downward  when 
a  layer  of  vegetable  matter  was  to  be  covered  up ;  and  in  the  up- 
ward movements,  the  motion  must  always  have  ceased  so  soon  as  the 
last  layers  of  sand  or  shale  had  reached  the  surface,  to  be  immedi- 
ately covered  by  the  fresh  vegetable  growth ;  for  otherwise  we  should 
have  found  evidence,  in  the  series  of  successive  deposits,  of  some 
being  furrowed,  broken  up,  or  covered  with  pebbles  or  other  detrital 
matter  of  land,  long  exposed  to  the  waves  breaking  on  a  shore,  and 
to  meteoric  agencies.     These  conditions,  which  seem  to  be  insepa* 
Table  from  the  theory  in  question,  it  would  be  difficult  to  find  any- 
thing analogous  to  in  any  other  case  of  changes  in  the  relative  level 
of  sea  and  land  with  which  we  are  acquainted. 

That  some  seams  of  coal  were  formed  of  vegetable  matter  that 
grew  on  the  spot  where  the  coal  now  exists,  seems  to  be  proved  in 
several  cases  (such^  for  instance,  as  that  of  the  Bolton  railway  sec- 
tion) beyond  dispute ;  and  that  some  seams  afibrd  proofs  of  having 
been  formed  by  drifted  vegetable  matter  may  be  tnie.  The  coal- 
seams  and  the  beds  associated  with  them  could  be  formed  in  no 
other  way  than  under  water ;  and  the  accumulation  of  the  vegetable 
matter  near  the  surface  of  it,  and  a  very  gradual  submergence  of 
the  land,  arrested  at  unequal  intervab,  appear  to  be  the  conditions 
most  reconcileable  with  the  phsBUomena.  This  implies,  however, 
a  deposition  of  the  alternating  sandstones  and  shales  in  very  shallow 

*  Humboldt's  Koemos,  p.  295. 
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water ;  and  as  we  often  find  these  rocks  in  regular  thin  stratificationi 
forming  the  immediate  bottom  of  coal-seams,  the  question  arises^ 
could  such  a  laminated  arrangement  of  detrital  matter  take  place  in 
water  so  shallow  as  is  here  supposed  ? 

It  is  held  by  some  geologists,  that  Stigmari€B  are  the  roots  of 
SiffillariiB,  and  that  the  stems  of  the  latter  contributed  largely  to 
the  formation  of  coal.  We  should  therefore  expect  to  find,  that 
where  there  is  the  greatest  accumulation  of  StigmaruB  there  should 
be  the  thickest  seams  of  coal :  this  is  not  only  not  the  case  in 
the  above  sections,  but  sometimes  there  is  no  coal  at  all  (11,  \% 
tyfy  g\  In  a  bed  of  sandstone  190  feet  thick,  in  the  South  Wales 
section,  and  at  a  depth  within  it  of  sixty  feet,  there  is  a  seam  of 
coal  four  inches  thick,  without  underclay  and  without  StigmaruB. 
Then  again,  in  the  Nova  Scotia  section,  we  find  stems  of  SigiUana^ 
standing  at  right  angles  to  the  plane  of  stratification,  resting  on 
shales  that  do  not  contain  any  StigmaruB  (t,  C>  ^'>  A,  /i).  Is  this  a 
proof  that  the  stems  are  here,  though  apparently,  really  not  in  the 
place  where  they  grew  ;  or  is  it  a  proof  that  StigmariiB  are  not  the 
roots  of  SigillaruB  ? 

Several  of  the  instances  of  upright  stems  given  in  the  Nova  Sco- 
tia section  by  Mr.  Logan,  can  hardly  be  considered  as  occupying 
the  spot  were  they  grew,  certainly  not  that  (£)  where  it  is  cut 
clean  ofi*  at  the  bottom.  It  is  remarkable,  that  in  the  instances  of 
upright  stems  described  by  Mr.  Lyell  and  Mr.  Logan,  if  occupying 
the  spot  where  they  grew,  roots  should  so  seldom  be  connected  wi£ 
them.  Of  all  parts  of  the  tree,  none,  we  should  expect,  would  be 
more  likely  to  be  preserved ;  being  protected  by  their  covering  of 
soil  from  causes  of  destruction  to  which  the  stems  were  evidently 
exposed,  as  we  find  them  so  generally  cut  ofi*  at  a  short  distance 
above  their  bases. 

The  whole  subject  of  the  theory  of  coal,  whether  we  consider  its 
mode  of  deposition,  the  plants  out  of  which  it  has  been  formed^  or 
the  various  changes  which  the  vegetable  matter  has  undergone  to 
convert  it  into  lignite,  jet,  common  coal,  cannel  coal,  blind  coal  and 
anthracite,  two  or  more  of  these  varieties  often  occurring  in  the  same 
coal-field,  is  extremely  obscure,  and  presents  a  wide  and  interesting 
field  for  future  investigation.  Before  concluding  this  part  of  ray  sub- 
ject, into  which  I  shall  probably  be  thought  to  have  entered  at  dis« 
proportionate  length,  I  would  call  your  attention  to  some  difficulties 
which  the  South  Welch  section  ofiers  to  the  commonly-received  and, 
I  believe,  well-founded  opinion,  that  anthracite  is  bitumiuous  coal, 
the  volatile  parts  of  which  have  been  driven  ofi*  by  heat  acting  gra- 
dually from  below  ;  for  we  see  (8  and  9)  that  thin  seams  of  com- 
mon coal  are  interstratified  with  anthracitic  seams  and  with  anthra- 
cite. Neither  do  we  find  any  signs  of  metamorphic  action  in  the 
underclay  in  immediate  contact  with  the  coal,  nor  in  the  strata  that 
lie  between  two  seams  of  anthracite.  We  must  look  to  the  chemist 
to  explain  all  this,  as  well  as  for  enlightenment  on  the  formation  of 
the  different  qualities  of  coal ;  but  we  must  be  contented  to  receive 
from  him  only  indications  and  resemblances ;  for  we  must  never 
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forget,  that  in  oar  experiments  we  can  never  have  the  volume  of 
materials,  the  amount  of  pressure,  and  above  all,  the  duration  of  time 
with  which  nature  has  worked  ;  and  each  of  these,  singly  and  com- 
bined, must  have  had  important  influence  in  modifying  the  results. 

Permian  System, 

The  soundness  of  the  principles  on  which  Sir  R.  Murchison  and 
M.  de  Vemeuil  first  proposed  to  establish  this  great  division,  has 
been  confirmed  by  subsequent  observations  both  by  themselves  and 
by  others,  and  appears  to  be  recognised  by  the  geologists  of  all 
countries.  The  name  of  Permian,  too,  has  been  as  willingly  adopted 
as  that  of  Silurian  was,  being  at  once  convenient  and  appropriate, 
and  recalling  the  locality  where  a  true  type  of  the  series  can  be  re- 
ferred to.  In  their  flrst  journey  to  Russia,  only  a  part  of  the  region 
where  these  rocks  predominate  was  examined ;  but  they  saw  enough 
then  to  satisfy  them  that  some  new  classification  was  called  for,  and 
Sir  R.  Murchison  developed  his  views  and  those  of  his  associates  at 
the  Meeting  of  the  British  Association  at  Glasgow  in  1840,  and  in  a 
paper  read  before  this  Society  in  the  following  spring.  In  his  Address 
as  President  at  our  Anniversary  in  1842,  he  referred  to  his  second 
journey  in  the  summer  of  1841,  and  announced  the  discovery,  that 
these  newer  red  sand  deposits,  covering  an  enormous  portion  of 
European  Russia,  constitute  a  separate  zoological  system,  distinct  in 
age  from  the  Trias,  and  comprehending  in  ascending  order  our  Lower 
New  Red  Sandstone  (the  rothe-todte-liegende  of  Germany),  our  Mag- 
nesian  Limestone  (the  Zechstein  of  Germany),  and  the  sandstones 
and  conglomerates  that  constitute  the  lower  member  of  the  bunter^ 
or  variegated  sandstone  of  the  Germans  (represented  by  the  Gr^ 
des  Vosges  of  France)  ;  and  leaving  the  Trias,  composed  of  the  Up- 
per Bunter-sandstein,  Muschelkalk  and  Keuper,  as  the  lowest  of  the 
secondary  rocks,  and  the  commencement  of  new  orders  in  various 
forms  of  life.  Sir  R.  Murchison  maintained  the  same  views  in  his  Ad- 
dress of  1848 ;  and  in  the  spring  of  1 844,  in  a  paper  which  he  read 
to  this  Society,  he  gave  a  full  confirmation  of  the  correctness  of  his 
original  conclusions,  after  a  more  careful  examination  of  the  fossils 
collected  from  the  Permian  series  in  Russia,  and  comparison  of 
them  with  those  collected  in  different  parts  of  Germany  and  Poland, 
which  countries  he  visited  for  the  special  purpose  of  examining  tit 
titu  the  characters  of  the  lower  members  of  the  New  Red  Sandstone 
series  in  their  long-established  typical  forms.  The  Permian  system 
therefore  consists  of  a  series  of  conglomerates,  sandstones,  clays, 
marb,  common  limestones  and  magnesian  limestones,  all  under  a 
great  variety  of  forms,  and  intermediate  between  the  Carboniferous 
and  Triassic  groups.  It  contains  a  peculiar  fauna  and  flora,  mingled 
however  with  a  proportion  of  the  animal  and  vegetable  remains  of  the 
Carboniferous  series,  on  which  its  beds  repose,  and  thus  connected 
with  the  paloeozoic  class  of  deposits;  whereas  the  Triassic  series, 
which  succeeds  in  ascending  order,  has  not  yet  been  found,  it  is  said, 
to  contain  any  palaeozoic  forms,  whether  animal  or  vegetable.  The 
Permian  system,  the  authors  of  the  *  Geology  of  Russia*  observe. 
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constitutes  the  remnant  of  the  earlier  creation  of  animals,  and  ex- 
hibits the  last  of  the  partial  and  successive  alterations  which  those 
creatures  underwent  before  their  final  disappearance.  The  dwindling 
away  and  extinction  of  many  of  the  types,  produced  and  multi- 
plied in  such  profusion  during  the  anterior  epochs,  and  the  creation 
of  a  new  class  of  large  animals,  the  Saurians,  clearly  announce  the 
end  of  the  long  palaeozoic  period,  and  the  beginning  of  a  new 
order  of  zoological  conditions. 

It  is  remarkable  however  that  palaeozoic  vegetable  forms  reappear, 
as  I  shall  afterwards  more  particularly  show,  in  beds  much  newer 
than  the  Trias ;  for  in  the  Alps,  in  many  parts  of  a  series  of  beds 
which  two  such  experienced  geologists  as  M.  £Iie  de  Beaumont  and 
M.  Sismonda  unhesitatingly  declare  to  belong  to  the  Liassic  period, 
plants  have  been  found  which  so  skilful  a  fossil  botanist  as  M.  Adolphe 
Brongniart  has  not  been  able  to  distinguish  from  species  found  in 
the  Carboniferous  series.  There  is  besides  this  peculiarity,  that  while 
the  base  of  the  Permian  rocks  frequently  occurs  in  unconformable 
stratification  with  the  Carboniferous,  there  is  no  example,  it  is  said» 
in  any  part  of  Europe,  of  the  Trias  being  found  in  stratification  un» 
conformable  with  the  upper  members  of  the  Permian  system.  Too 
much  stress  however.  Sir  R.  Murchison  observes,  ought  not  to  be  laid 
on  this  last  circumstance,  as  evidence  of  a  gradual  passage  in  time 
from  the  Permian  to  the  Triassic  series,  because  sedimentary  matter 
may  be  thrown  down  on  the  edges  of  older  strata  immediately  after 
their  dislocation,  and  that  dislocation  may  have  taken  place  without 
any  great  period  having  elapsed  since  the  strata  were  deposited.  On 
the  other  hand,  if  the  sea-bottom  were  undisturbed,  there  might  hare 
been,  so  far  as  mineral  structure  is  concerned,  an  immense  interval 
of  time  between  the  deposition  of  two  beds  that  are  perfectly  con* 
formable,  and  even  have  a  similarity  in  lithological  character.  And 
such  in  fact  is  the  case.  *'  Throughout  whole  regions  of  Rusaia  the 
older  deposits  are  clearly  separable  from  each  other  by  means  of 
their  respective  fossils,  although  they  are  all  apparently  conformable.'* 

The  different  memoirs  which  Sir  R.  Murchison  had  read  before 
this  Society  made  us  acquainted  with  the  leading  features  of  the 
Permian  system  ;  but  hb  great  work  on  Russia  has  not  only  gif  ea 
us  the  evidence,  at  full  length,  of  liis  opinions,  but  brings  conviction 
to  our  minds  by  a  more  graphic  and  more  impressive  form  of  testi* 
mony  than  it  was  possible  to  produce  in  his  abridged  sketches.  This 
system  is  developed  on  an  enormous  scale  in  European  Russia,  repo- 
sing upon  carboniferous  strata,  throughout  more  than  two- thirds  of  a 
basin  which  has  a  circumference  of  not  less  than  4000  English  miles ; 
that  is,  it  occupies  a  space  greater  than  twice  the  area  of  France. 

The  palaeozoic  series  in  North  America  ends  with  the  carboni* 
ferous  rocks ;  for  although  that  and  the  inferior  groups  are  deTe*> 
loped  on  so  great  a  scale,  a  narrow  zone  of  red  sandstone  on  the 
Atlantic  slope,  celebrated  for  containing  the  footmarks  of  giant 
birds,  which  in  the  opinion  of  Professor  Rogers  belongs  to  the  Trias, 
is  almost  the  only  sedimentary  deposit  between  the  Cari^niferous  and 
the  Cretaceous  rocks. 
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The  Secondary  Rocks. 

The  Trias,  so  largely  developed  in  other  parts  of  Europe,  is  un- 
known in  European  Russia. 

It  is  remarkable  that,  except  one  member  of  the  oolitic  series,  the 
whole  of  the  secondary  formations  between  the  Permian  and  Creta- 
ceous groups  should  be  wanting  in  Russia,  and  that  with  the  ex- 
ception of  a  very  limited  and  even  doubtful  oolitic  deposit  in  Vir- 
ginia, not  a  trace  of  them  should  have  been  found  from  the  Atlantic 
to  the  Mississippi,  and  even  as  far  west  from  that  river  as  any  geo- 
logist has  yet  penetrated.  Professor  Rogers  rests  his  determination 
of  this  deposit  in  Virginia  as  belonging  to  the  lower  part  of  the 
oolitic  series,  solely  on  the  striking  resemblance  cls  a  group  of  cer- 
tain plants,  accompanying  a  bed  of  coal  which  it  contains,  to  those 
which  are  found  associated  with  the  oolite  coal  of  Brora,  Whitby, 
and  other  European  localities.  He  says  that,  "  judging  by  litholo- 
gical  indications  alone,  perhaps  no  more  probable  conclusion  would 
have  been  reached  on  the  subject  than  that  of  the  able  geologbts 
Mr.  Maciure  and  Mr.  R.  C.  Taylor,  the  former  of  whom  assigned 
this  deposit,  consisting  of  slates  and  of  coarse  grits  composed  of  the  ' 
materials  of  granite  so  little  worn  as  to  have  the  aspect  of  that  rock 
in  a  deeomposing  state,  and  resting  upon  gneiss,  and  without  any 
calcareous  bed,  to  the  period  of  the  Old  Red  Sandstone ;  the  latter 
to  the  "  transition  carboniferous  deposits.''  If  it  be  true,  that  in  the 
Alps  species  of  plants  identical  with  those  of  the  Carboniferous  pe- 
riod have  been  found  in  undoubted  Jurassic  beds,  it  becomes  doubt- 
ful whether  the  mere  '*  resemblance  as  a  group"  of  the  plants  in  the 
Virginian  beds  is  conclusive  evidence,  opposed  as  it  is  by  the  litho- 
logical  character  of  the  deposit,  and  the  most  remarkable  circum- 
stance of  the  entire  absence  of  the  oolitic  series  in  any  other  part  of 
the  American  continent.  In  a  letter  I  had  from  Mr.  Lyell,  who 
last  December  passed  through  Virginia,  he  informs  me  that  he  had 
seen  some  specimens  of  coal  plants  and  of  ichthyolites  from  this  de- 
posit, which  throw  some  doubt  on  its  being  of  the  oolitic  age,  espe- 
cially when  he  compares  the  list  with  those  from  Connecticut,  and 
that  he  intends  to  return  to  the  spot  in  April  next,  in  the  hope  of 
being  able  to  determine  their  true  age  more  precisely. 

The  only  member  of  the  oolitic  series  found  in  Russia  is  a  repre- 
sentative of  our  Oxford  clay  and  the  beds  immediately  associated 
with  it, — that  which  the  French  geologists  call  the  Terrain  Ox/ordien. 
Nor,  where  these  Jurassic  beds  occur,  do  they  occupy  any  great  extent 
of  surface,  but  are  in  detached  spots,  at  remote  intervids,  in  isolated 
basins,  patches  or  stripes.  They  are  composed  of  slightly  coherent 
dark-coloured  pyritous  shales,  sands  and  calcareous  concretions, 
sandstones  and  marlstones,  very  seldom  solid  calcareous  beds,  and 
throughout  with  a  surprising  uniformity  of  character.  They  are 
besides  of  little  vertical  thickness  compared  to  the  same  series  in 
other  countries  of  Europe,  the  most  considerable  not  exceeding  400 
feet.  They  form  low  masses,  which  no  doubt  were  at  one  time  more 
connected,  and  have  been  subjected  to  powerful  denuding  causes- 
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They  extend  from  the  plains  of  Prussia  to  the  frontiers  of  Asia  on 
the  east,  and  to  the  Frozen  Ocean  on  the  north.  They  are  moreover 
seen  to  underlie  the  cretaceous  and  tertiary  deposits  of  Southern 
Russia,  and  appear  in  the  steppes  which  lead  from  Europe  into 
Asia ;  but  in  these  southern  regions  they  undergo  a  change  in  litho- 
logical  characters,  becoming  siliceous  and  calcareous  grits,  and  re- 
sembling the  conglomerates  and  grits  found  at  the  base  of  the  oolitic 
series  in  some  parts  of  England ;  their  fossil  contents  however  con- 
tinue the  same. 

Cretaceous  Rocks. 

These  occupy  a  great  part  of  Southern  Russia,  but  are  unknown 
to  the  north  of  55^  of  latitude.  In  regard  to  mineral  arrange- 
ment, there  exists  that  sort  of  general  parallelism  between  the  beds 
in  Russia  and  those  in  Western  Europe,  particularly  with  those  of 
Eastern  Germany,  which  we  might  expect  to  find  in  strata  of  the 
same  epoch  separated  from  each  other  by  great  distances.  Green- 
sand,  ironsand,  chalk  and  chalk  marl  occur,  in  which  the  same 
groups  of  fossils  prevail  as  in  rocks  of  Britain  and  France  which 
occupy  the  same  relative  age  in  geological  succession  ;  and  pure 
white  chalk,  containing  some  characteristic  organic  remains,  occurs 
at  intervals  to  the  confines  of  Asia.  In  the  southern  steppes  of  the 
Don  Cossacks,  on  the  banks  of  the  river  Donetz,  chalk  possessing 
all  the  characters  of  the  English  and  French  chalk,  and  containing 
some  of  its  characteristic  fossils,  occurs  of  great  thickness,  Artesian 
wells  having  been  sunk  in  it  to  a  depth  of  630  feet  without  any  in- 
dications of  a  change  of  rock.  It  contains  layers  of  flint,  and  the 
banks  of  the  same  river  exhibit  a  section  of  a  greensand  group 
seventy  feet  thick,  resting  upon  an  equivalent  of  our  coral  rag,  and 
surmounted  by  white  chalk.  A  zone  of  true  chalk,  120  miles  in 
width,  stretches  through  a  great  region  about  100  miles  south-west 
of  Orenburg. 

The  cretaceous  rocks  occupy  a  very  limited  zone  on  the  eastern 
side  of  the  Alleghanies,  extending  about  sixty  miles,  but  having 
rarely  a  breadth  of  half  a  mile.  They  sweep  round  the  southern 
extremity  of  these  mountains,  occupying  a  vast  tract  which  stretches 
far  westward  of  the  Mississippi ;  and  Mr.  Lyell  saw  a  collection  of 
chalk  fossils  brought  by  M.  Nicollet  from  the  higher  parts  of  the 
Missouri  river.  It  appears  further,  from  the  recent  report  of  Cap^ 
tain  Fremont,  that  cretaceous  rocks  occur  on  the  eastern  flanks  of 
the  Rocky  Mountains.  The  series  examined  by  Mr.  Lyell  in  the 
State  of  New  Jersey  consist  of  a  lower  portion  of  greensand  and 
green  marl,  and  above  these  a  pale  yellow  limestone  with  corals, 
both  however  belonging,  in  the  opinion  of  Mr.  Lyell,  who  has  care- 
fully examined  a  large  series  of  fossils,  to  the  age  of  the  white  chalk, 
including  the  period  from  the  gault  to  the  Maestricht  beds.  As  a 
detailed  account  of  these  beds  and  their  fossil  contents  is  given  in 
the  first  volume  of  the  Societ}' s  Journal,  I  need  not  dwell  further 
upon  them,  except  to  give  a  statement  of  the  general  results.  There 
10  a  remarkable  generic  accordance  between  the  fossil  mollusca» 
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corals,  echinoderms,  fish  and  saurians,  and  those  of  the  same  series  in 
Eorope ;  out  of  sixty  shells  collected  by  Mr.  Lyell,  five  seem  to  be 
quite  identical  with  European  species,  while  several  others  approach 
very  near  to  and  may  be  the  same  as  European ;  fifteen  may  be 
regarded  as  good  geographical  representatives  of  well-known  ere* 
taceous  fossils,  belonging  for  the  most  part  to  beds  above  the  gault. 
This  amount  of  correspondence  is  not  small,  when  it  is  considered 
that  the  part  of  the  United  States  where  these  cretaceous  beds  occur 
is  from  3000  to  4000  miles  distant  from  the  chalk  of  Central  and 
Northern  Europe,  and  that  there  is  a  difierence  of  10°  in  the  lati- 
tude of  the  places  compared  on  the  opposite  sides  of  the  Atlantic. 
'*  Some  of  the  species  common  to  the  opposite  sides  of  the  Atlantic 
are  those  which  in  Europe  have  the  greatest  vertical  range,  and 
which  might  therefore  be  expected  to  recur  in  distant  parts  of  the 
globe."  He  concludes  with  the  following  remarks: — "We  learn 
from  the  facts  mentioned  that  the  marine  fauna,  whether  vertebrate 
or  invertebrate,  testaceous  or  zoophytic,  was  divided  at  the  remote 
period  under  consideration,  as  it  is  now,  into  distinct  geographical 
provinces,  although  the  geologist  may  everywhere  recognise  the 
cretaceous  type,  whether  in  Europe  or  America,  and  I  might  add 
India.  This  peculiar  type  exhibits  the  preponderating  influence  of  a 
vast  combination  of  circumstances  prevailing  at  one  period  through- 
out the  globe — circumstances  dependent  on  the  state  of  the  physical 
geography,  climate,  and  the  organic  wprld  in  the  period  immediately 
preceding,  together  with  a  variety  of  other  conditions." 

Tertiary  Deposits. 

The  tertiary  deposits  of  Russia,  exclusive  of  a  few  patches  of  very 
recent  age,  are  most  expanded  in  the  southern  parts  of  the  empire, 
those  of  Eocene  and  of  Miocene  ages  both  occurring.  The  former 
has  in  many  parts  the  very  same  structure  and  contents  as  the  Lon- 
don clay.  Sections  are  seen  of  beds  equivalent  to  the  calcaire  gros- 
sier  and  London  clay  in  connexion  with  strata  referred  to  the  upper 
part  of  the  cretaceous  system.  In  the  neighbourhood  of  Saratof,  on 
the  Lower  Volga,  there  occurs  a  sandy  calcareous  grit,  subordinate 
to  clay  and  sand,  of  a  concretionary  structure,  undistinguishable 
from  the  Bognor  rocks  in  Sussex,  and  containing  the  same  shells* 
The  authors  appear  inclined  to  believe  that  an  insensible  gradation 
may  be  traced  from  the  upper  cretaceous  into  the  tertiary  beds. 

The  Miocene  deposits  are  of  far  greater  extent  than  the  Eocene. 
They  are  the  extension  of  the  great  basins  of  Vienna  and  Hungary, 
and  are  spread  over  Volhynia,  Podolia  and  Bessarabia,  stretching 
to  the  Black  Sea  and  the  country  north  of  Odessa,  where  they  are 
covered  by  deposits  of  a  more  modern  age.  They  have  a  close 
afl^ity  to  the  deposits  of  the  sub-Apennines  and  of  Bordeaux,  and 
like  beds  of  the  same  age  in  Styria  and  Hungary,  contain  extensive 
oolitic  beds,  undistinguishable,  lithologically,  from  many  English  and 
French  varieties  of  the  Jurassic  group. 

Marine  Pliocene  deposits  are  wanting,  but  the  Miocene  are  covered 
by  the  vast  deposit  of  argillaceous  limestone  already  referred  to  as 
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occupying  the  region  around  the  Caspian,  called  by  Sir  R.  Murchi- 
son  the  Aralo-Caspian  or  Steppe  limestone,  in  which  the  uniralves 
are  of  freshwater  origin,  associated  with  forms  of  Cardiaceoe  and 
Mytili  which  are  common  to  partially  saline  or  brackish  water.  It 
abounds  in  many  places  with  freshwater  shells,  and  indeed  presents 
the  true  and  persistent  characters  of  a  deposit  in  an  inland  sea,  and 
contains  no  vestiges  of  corals  or  other  marine  bodies.  It  was  ob« 
served  to  be  in  some  places  between  200  and  300  feet  thick,  and  at 
elevations  of  700  feet  above  the  present  level  of  the  Caspian.  It  pos* 
setses  an  uniformity  of  character  which  separates  it  from  any  tertiary 
deposit  of  Western  Europe. 

You  are  aware  that  Mr.  Lyell  read  before  this  Society  four  papers 
on  the  tertiary  deposits  of  the  United  States,  which  have  been  pub- 
lished in  our  *  Proceedings';  it  is  unnecessary  therefore  for  me  to 
give  even  a  brief  summary  of  them,  and  I  shall  content  myself  with 
stating  some  of  the  general  results.  On  the  Atlantic  side  of  the  Al- 
leghaniesy  an  area  about  400  miles  long  from  north  to  south,  and 
varying  in  breadth  from  ten  to  seventy  miles  (with  some  detached 
patches  further  south),  is  occupied  at  intervals  by  tertiary  deposits, 
which  in  the  intermediate  spaces  are  probably  concealed  by  the 
more  modem  deposits  and  alluvium  which  form  the  surface.  There 
are  extensive  tracts  of  Eocene  formations,  particularly  in  the  south. 
Out  of  125  species  of  shells  which  Mr.  Lyell  obtained  from  these 
deposits,  he  was  not  able  to  identify  more  than  seven  with  species 
of  the  same  epoch  in  Europe«  But  there  are  a  considerable  number 
of  representative  species,  and  an  equal  number  of  forms  peculiar 
to  the  older  tertiary  strata  of  America.  The  Ostrea  seUaformis 
may  be  considered  as  representing  the  Ostrea  flabdlala  of  the  Paris 
and  London  basins,  and  appears  to  be  one  of  the  most  characteristic 
and  widely  disseminated  Eocene  shells  in  this  North  American 
deposit 

The  Miocene  deposits  are  of  far  greater  extent  than  the  Eocene ; 
and  there  is  in  them  a  close  affinity  of  many  of  the  most  abundant 
species  with  mollusca  now  inhabiting  the  American  coast,  the  pro* 
portion  being  about  one-sixth  of  the  whole,  or  about  seventeen  per 
oent.»  in  those  examined  by  Mr.  Lyell,  who  was  able  to  identify 
twenty-three  out  of  147  with  living  shells.  The  corals  also  agree 
generically  with  those  of  the  Miocene  beds  of  Europe,  the  cetaoea 
also  agree  generically,  and  the  fish  in  many  cases  specifically. 

Melamarphic  Racks, 

The  theory  of  metamorphism  in  its  more  extended  application,  in 
recent  times,  to  the  explanation  of  the  peculiar  structure  of  certain 
stratified  rocks,  has  thrown  a  clear  light  upon  some  of  the  most 
obscure  and  difficult  parts  of  Geology.  No  geologist  will  now  I 
presume  hesitate  to  admit,  that  there  is  evidence  amounting  to  de* 
monstration  that  a  permanent  source  of  heat  exists  in  the  interior 
of  the  earth,  widely  spread  beneath  the  stony  envelopment,  and  that 
it  has  existed  at  all  times.  Whether  it  is  local  or  widely  spread 
under  the  surface— whether  it  is  constantly  maintained  or  is  excited 
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•t  Intervali  by  certain  combinations,  are  questions  for  the  solution 
of  which  we  have  as  yet  no  data  to  lead  us  beyond  probable 
inferences.  It  was  long  ago  observed  that  when  dykes  of  basalt 
passed  through  sedimentary  rocks,  earthy  limestones  were  frequently 
changed  into  crystalline  marble,  shales  into  flinty  slate,  argillaceous 
■andstone  into  jasper,  and  bituminous  coal  into  graphite  or  cinder. 
Similar  changes  were  also  often  observed  at  the  junctions  of  granite 
with  sedimentary  rocks.  An  attentive  observation  of  these  phae- 
Domeoa  led  Hutton  to  infer  that  the  strata  derived  from  the  detritus 
of  pre-existing  rocks  had  been  consolidated  into  stone  by  the  agency 
of  subterranean  heat ;  and  although  he  extended  his  theory  to  all 
the  strata,  to  many  which  subsequent  observations  have  shown  it  to 
be  ini^pplicable,  still  the  germ  of  the  modem  theory  of  metamor* 
phism  is  clearly  seen  in  one  of  the  fundamental  positions  of  the 
Huttonian  theory  of  the  earth.  But  sound  as  were  the  views  of  that 
philosopher  in  his  leading  doctrines,  they  were  adopted  by  a  very 
small  number  of  geologists,  so  strongly  had  the  theories  and  system 
of  Werner  got  possession  of  men's  minds,  especially  in  Germany 
and  France.  About  twenty  years  ago  however  some  startling  facts 
were  brought  to  light ;  we  heard  that  Belemnites  had  been  found  in 
micaceous  schists  in  the  Alps,  and  that  an  insensible  passage  could 
be  traced  from  a  secondary  oolite  full  of  organic  remains,  to  the 
highly  crystalline  marble  of  Carrara,  the  old  type  of  primary  lime- 
stone, and  under  circumstances  which  afforded  the  strongest  pre- 
sumptive evidence  that  the  oolite  had  been  changed  into  the  marble 
by  the  action  of  adjacent  igneous  rocks.  Then  there  came  facts  on 
a  grand  scale  analogous  to  those  that  had  been  observed  at  the  junc- 
tions of  trap  dykes  and  granite  veins  with  sedimentary  rocks,  and 
Dot  only  extending  to  great  distances  from  the  igneous  rocks,  but 
the  secondary  shales  were  changed  into  rocks  that  could  not  be  di- 
stinguished from  the  so-called  primitive  gneiss  and  mica-schists,  and 
like  them  included  crystallized  garnets. 

Mr.  Lyell,  in  1833,  brought  forward  a  more  extended  and  com- 
plete development  of  the  Huttonian  hypothesis  of  consolidation,  and 
first  propos^  the  adoption  of  the  term  "  metamorphic  "  to  this  pe- 
culiar altered  structure  of  sedimentary  rocks, — a  term  which  has 
been  since  universally  adopted ;  and  every  year  has  disclosed  new 
facts  from  all  parts  of  the  world,  in  confirmation  of  the  theory  that 
the  older  crystalline  and  indurated  schists,  limestones,  dolomites 
and  quartzites,  and  many  similar  beds  of  more  modern  date,  were 
not  deposited  with  a  structure  such  as  they  now  present,  but  were 
accumulations  of  detrital  matter,  tranrformed  into  their  present  con- 
dition mainly  by  the  action  of  heat,  accompanied  by  other  chemical 
action,  and  the  powerful  agency  of  steam  and  elastic  forces  under 
enormous  pressure.  A  very  ingenious  process,  invented  by  Mr. 
Brockedon,  described  in  a  short  paper  read  before  us  last  year,  by 
which  he  converts,  under  very  powerful  pressure,  the  powder  of 
graphite  into  a  solid  mass  having  a  conchoidal  fracture,  and  un- 
distinguishable  from  the  most  compact  native  black-lead,  shows 
that  pressure  alone  may  convert  fine  detrital  matter  into  solid  stone. 
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It  is  not  very  long  ago,  far  within  our  own  time,  since  geologists 
spoke  and  wrote  of  chaotic  fluids  holding  mineral  matter  in  solution, 
and  of  precipitations  of  crystalline  rocks  from  that  menstruum.  But 
these  hypotheses,  not  only  unsupported  by,  but  at  variance  with  all 
known  chemical  laws,  are  now  laid  aside,  and  we  reason  more  soberly, 
interpreting  past  changes  in  the  mineral  structure  of  the  earth  by 
our  experience  of  the  laws  by  which  the  operations  in  the  material 
world  are  governed.  Every  accession  to  our  knowledge  of  the  older 
sedimentary,  highly  consolidated,  and  semi-crystalline  rocks,  renders 
the  probability  greater  that  they  were  formed  in  the  same  manner 
as  those  now  in  progress  of  formation  in  existing  seas ;  in  short,  that 
they  originated  from  the  waste  of  pre-existing  lands.  As  Astronomy 
leads  us  to  contemplations  of  immensity  of  distance  in  space,  thus 
does  Geology  lead  us  to  contemplate  distances  in  past  time  almost 
as  boundless ;  equally  difficult  for  us  to  form  a  conception  of,  but, 
although  not  capable  of  measurement,  not  less  certain.  We  are 
thus  brought  to  admit  the  truth  of  another  of  the  fundamental  doc- 
trines of  the  Huttonian  theory,  laid  down  by  its  author  more  than 
half  a  century  ago,  and  some  years  afterwards  so  eloquently  illas- 
trated  by  his  disciple  and  friend  Playfair,  whom  I  am  proud  to  call 
my  first  master  in  Geology,  "  that  in  all  the  strata  we  discover  proofs 
of  the  materials  having  existed  as  elements  of  bodies,  which  must 
have  been  destroyed  before  the  formation  of  those  of  which  these 
materials  now  actually  make  a  part*."  We  learn  from  Professor 
Sedgwick,  that  in  the  north  of  England  there  are  chloritic  slates 
alternating  with  countless  contemporaneous  ribs  of  porphyry,  as  well 
as  with  trappean  conglomerates  and  slaty  beds,  derived  mechanically 
from  materials  of  igneous  origin*  M.  Abich  of  Dorpat  considers 
that  certain  dark  green  grains  disseminated  through  the  lowest  beds 
of  the  Lower  Silurian  "  Pleta,"  or  Orthoceratite  limestone  of  Russia, 
are  the  detritus  of  the  ancient  augitic  rocks  of  the  Finnish  frontierf. 
The  least  fragment  of  an  organic  body  in  the  lowest  deposits,  it  is 
evident,  must  have  been  encased  in  silt  or  mud,  and  that  silt  or 
mud  must  have  been  derived  from  pre-existing  rocks,  and  most  pro- 
bably rocks  exposed  on  land  to  the  destructive  power  of  meteoric 
agents.  We  are  told  by  Mr.  Lyell  that  the  Potsdam  sandstone,  the 
lowest  of  the  Silurian  strata  of  North  America,  at  the  Falls  of  Mont- 
morency near  Quebec,  is  remarkable  for  containing  boulders  of  enor- 
mous size — the  largest  he  ever  remembers  to  have  seen,  he  says,  in 
any  ancient  stratified  rock.  He  measured  some  of  them,  which 
were  eight  feet  long.  They  consist  of  the  same  gneiss  as  that  on 
which  the  sandstone  rests.  He  also  observed  in  the  same  sandstone, 
on  the  borders  of  Lake  Champlain,  ripple- marks  on  the  surface  of 
its  flags. 

Several  of  the  works  of  geologists  which  have  been  published 
during  the  last  year  have  supplied  much  additional  evidence  of 
metamorphic  action ;  none  more  important,  I  may  say  more  conclu- 
sive, than  is  contained  in  the  work  of  Sir  R.  Murchison  on  Russia, 

*  Illustrations  of  the  Hattonian  Theory,  p.  5.      f  Murchison's  Russia,  L  28. 
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and  of  Mr.  Lyell  on  America,  and  in  a  very  valuable  memoir  by 
M.  Virlet.  As  far  as  my  limits  will  allow,  I  will  bring  forward  some 
of  that  evidence. 

With  limited  exceptions,  true  granites  are  rarely  found  in  the 
higher  portions  of  the  Urals,  but  they  are  of  frequent  occurrence 
in  the  lower  regions,  particularly  on  the  Siberian  side.  The  igne- 
ous rocks  that  enter  into  their  composition  are  different  forms  of 
Byenite,  porphyry,  greenstone,  and  felspar  rocks,  often  graduating 
into  each  other,  and  associated  with  serpentine.  These  have  evi- 
dently been  erupted  at  different  periods ;  and  there  are  wide  tracts 
occupied  by  granitoid  rocks,  which  appear  to  have  been  erupted 
after  the  age  of  the  carboniferous  series,  aud  posterior  to  the  greater 
proportion  of  the  greenstones  and  other  eruptive  rocks  of  the  Urals. 

It  was  only  after  Sir  R.  Murchison  and  his  companions  had  be« 
come  thoroughly  acquainted  with  the  slightly  consolidated  aud  un- 
broken sedimentary  deposits  in  European  Russia,  that  they  were 
able  to  decipher  the  intricate  characters  of  the  indurated  and  cr}'« 
stalline  strata  which  constitute  the  flanks,  enter  into  the  veiy  body, 
and  form  lofty  serrated  ridges  of  the  Ural  chain ;  broken  up  and 
cast  about  in  much  apparent  confusion.  But  from  the  presence  of 
organic  remains,  traoeable  at  intervals  along  both  flanks,  and  even 
close  to  the  axis  of  the  chain,  they  were  satisfied  that  some  of  the 
central  ridges,  although  composed  of  chloritic,  talcose,  micaceous, 
and  quartzose  slates,  cannot  be  of  higher  antiquity  than  the  uncon- 
solidated Lower  Silurian  rocks  on  the  shores  of  the  Baltic ;  and  that 
others,  although  in  a  highly  crystalline  state,  are  not  older  than  the 
Devonian  and  carboniferous  series.  The  same  rocks,  when  they 
recede  from  the  great  lines  of  eruption,  resume  their  ordinary  sedi- 
mentary characters.  In  one  place  the  authors  expressly  say,  that 
in  proportion  as  they  receded  from  the  igneous  zone,  the  sedimentary 
strata  gradually  parted  with  their  talcose,  chloritic  and  quartzite 
characters,  and  assumed  the  appearance  of  ordinary  argillaceous 
schist,  with  bands  of  grit  and  sandstone,  all  parallel  to  the  crystal- 
line axb  of  the  chain.  In  another  place  they  describe  certain  Upper 
Silurian  beds,  consisting  of  alternations  of  argillaceous  slate  and 
black  encrinite  limestone,  passing  into  talc-schist,  and  containing 
great  flakes  of  mica.  Between  two  great  parallel  lines  of  eruption 
they  saw  pure  white  saccharoid  limestone  containing  Encrinites,  and 
associated  with  other  crystalline  beds,  which  they  were  satisfied 
were  once  sandstones  formed  under  the  sea  in  the  ^palaeozoic  period. 
In  like  manner  the  sedimentary  rocks  on  the  northern  frontier  of 
Russia,  where  they  approach  the  great  granitic  and  trappean  region 
that  stretches  southward  from  Russian  Lapland,  become  so  changed, 
that  the  shales  are  converted  into  Lydian  stone,  the  limestones  into 
marbles,  and  the  sandstones  into  indurated  and  sometimes  granular 
quartz.  These  are  not  partial  local  effects,  but  characterize  a  long 
line  of  country  in  a  broad  zone.  The  authors  observe,  that  <<  the 
thorough  examination  of  this  great  band  of  Silurian  rocks,  more  or 
less  metamorphic,  which  lies  between  the  purely  crystalline  or  azoic 
rocks  of  the  north  and  the  wholly  unaltered  Devonian  and  carbo- 
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niferous  deposits  on  the  south,  well  merit  the  special  attention  of 
the  geologist,  mineralogist,  and  chemical  philosopher ;  for  the  scale 
on  which  these  operations  of  change  have  been  conducted  is  gigantic 
Our  present  acquaintance  with  the  phsenomena  is  however  sufficient 
to  convince  us,  that  here,  as  in  other  countries,  the  consolidation, 
rupture,  and  alteration  of  large  portions  of  the  earth's  crust  have 
been  effected  by  the  agency  and  eruption  of  igneous  and  gaseous 
matter."  A  limestone^ — ascertained,  both  by  lithological  characters 
and  fossiliferous  proofs,  to  belong  to  the  Devonian  age,  in  which 
copper  veins  occur  at  a  point  where  it  is  intersected  in  a  complicated 
manner  by  greenstone  porphyry — is  converted,  for  a  space  S50 
fathoms  long  and  twenty  wide,  into  a  crystalline  rock,  in  some  places 
becoming  a  pure  white  crystalline  saccharoid  marble,  and  associated 
with  it  is  a  garnet  rock,  loaded  with  very  beautiful  and  large  crystals ; 
a  case  somewhat  analogous  to  that  observed  by  Professor  Henslow 
in  Anglesea  twenty-five  years  ago'*',  and  to  that  in  the  neighbour- 
hood of  Christiania  described  by  Mr.  Lyellf.  On  the  east  flank  of 
the  Urals,  south  of  Ekaterinburg,  there  is  a  succession  of  low  ridges 
parallel  to  the  main  crest  of  the  chain,  composed  of  metamorphic 
rocks,  some  of  them  so  micaceous  that  they  might  pass,  the  authors 
•ay,  for  primary  mica-schist ;  others  resembling  gneiss,  which  a  few 
years  ago  any  geologist  would  have  termed  primar}',  but  which  are 
in  fact  only  altered  palaeozoic  sedimentary  strata. 

If  we  cross  the  Atlantic  to  North  America,  we  obtain  equally 
clear  proofs  of  the  alteration  of  the  sand  and  mud  of  the  lands  of 
remote  antiquity  into  crystalline  schists,  and  of  the  forests  that  grew 
upon  them  into  anthracitic  coal,  by  this  same  powerful  agency. 

The  Appalachian  or  Alleghany  Mountains,  which  run  from  north- 
north-east  to  south-south-west  for  1000  miles,  varying  in  breadth 
from  50  to  150,  and  in  height  from  ^000  to  6000  feet,  have  not,  like 
the  Ural  chain,  the  features  of  a  great  rent  in  the  earth's  crust  formed 
by  elastic  forces  from  beneath,  and  into  which  molten  rocks  were  in- 
jected ;  they  are  composed  of  Silurian,  Devonian  and  carboniferous 
rocks,  in  a  series  of  nearly  equal  and  parallel  ridges  formed  by  flexures 
of  these  rocks.  The  bending  and  fracture  of  the  beds  is  greatest  on 
the  north-eastern  or  Atlantic  side  of  the  chain,  and  the  strata  become 
less  and  less  disturbed  as  they  extend  westward,  until  at  length  they 
regain  their  original  or  horizontal  position ;  thus  offering  between 
the  AUeghanies  and  the  western  boundary  of  the  basin  of  the  Mis- 
sissippi a  country  very  similar  in  conformation  to  that  between  the 
Urals  and  the  Baltic,  and  composed  to  a  great  extent  of  similar 
rocks.  The  internal  movements  which  caused  these  flexures  took 
pbce,  as  in  Russia,  subsequent  to  the  carboniferous  period  ;  and  on 
the  eastern  side  the  igneous  rocks  have  invaded  the  strata,  forming 
dykes,  some  of  which  run  for  miles  parallel  to  the  main  direction  of 
the  mountains.  These  igneous  rocks  are  largely  developed  to  the 
north-east  in  the  States  of  New  Hampshire,  Vermont  and  Maine* 

Near  Worcester  in  Massachusetts,  Mr.  Lyell  observed  mica-schist 

*  Ctmbr.  PhU.  Trans.  loLl  t  Elcm.  of  GeoL  ii.  405. 


AMNIVIRSARY  ADDRESS  OF  THE  PRESIDENT.  191 

containing  beds  of  anthracite,  the  mica-schist  including  garnets 
an4  asbestus ;  and  he  states  that  he  is  strongly  inclined  to  believe, 
that  however  crystalline  they  may  be,  they  are  no  other  than  car- 
boniferous rocks  in  a  metamorphic  state.  There  are  many  other 
placet  in  Rhode  Island  and  Massachusetts  of  similar  transformations} 
especially  in  the  neighbourhood  of  masses  of  granite  and  syenite  K 
The  coal  which,  westward  of  the  AUeghanies,  is  highly  bituminous^ 
as  it  approaches  the  igneous  rocks  to  the  east  gradually  loses  its  bi- 
tumen and  gaseous  contents,  and  is  finally  converted  into  anthracite. 
The  concluding  part  of  the  first  volume  of  the  second  series  of 
the  *  Bulletin  de  la  Soci^te  G^ologique  de  France,'  published  last 
year,  contains  an  interesting,  and,  in  many  respects,  highly  in- 
structive account  of  the  proceedings  of  the  Society  at  their  meeting 
at  Chambery  in  August  1844.  During  the  sixteen  days  it  continued 
several  valuable  papers  were  read,  and  interesting  discussions  thereon 
are  reported.  Among  others,  the  subject  of  metamorphism  was 
frequently  brought  forward,  and  it  appears  to  be  the  settled  opinion 
of  the  most  eminent  French,  Swiss  and  Italian  geologists,  who  have 
thoroughly  examined  the  Alpine  regions,  that  a  great  proportion  of 
the  mica-schists,  talc-schists  and  clay  slates  of  the  Alps,  long  held 
as  types  of  primitive  rocks,  are  unquestionably  deposits  of  secondary 
age  metamorphosed  by  igneous  action.  The  neighbourhood  of  the 
place  of  meeting  is  described  by  the  Archbishop  of  Chambery, — 
who  took  an  active  part  in  the  proceedings,  and  who,  from  the  com- 
munications he  read,  seems  to  be  a  zealous  geologist, — as  one  of  the 
countries  of  Europe  the  most  interesting  in  this  respect,  and  one  in 
which  the  modifications  of  metamorphic  action  may  be  traced  from 
its  commencement  to  its  extreme  intensity  with  the  greatest  facility. 
At  the  conclusion  of  the  meeting,  M.  Virlet  read  a  paper  on  the  par- 
ticipation which  veins  have  had  in  metamorphic  action,  and  brought 
forward  some  new  views  on  the  theory  of  metamorphism.  He  states 
that  it  has  generally  been  held  to  be  the  result  only  of  the  action 
of  plutonic  rocks  on  the  sedimentary  deposits  with  which  they  come 
in  contact,  but  that  it  is  a  far  more  complex  operation,  and  is  pro- 
bably the  result  of  several  causes  acting  either  simultaneously,  sepa- 
rately or  successively ;  among  these  he  is  disposed  to  ascribe  niuch 
to  the  addition  of  new  materials,  insinuating  themselves  in  the  shape 
of  gaseous  emanations  from  the  interior  of  the  earth.  He  also  dwells 
much  on  the  matter  injected  into  fissures,  forming  veins,  as  having 
had  great  effect,  maintaining  that  in  all  metalliferous  regions,  the 
greater  the  number  of  veins  by  which  they  are  traversed,  so  is  the 
degree  of  metamorphism  increased.  He  insists  much  on  the  meta- 
morphic action  of  quartz  veins,  which  he  holds  to  be  of  eruptive 
nature,  refers  to  the  growing  conviction  among  geologists,  that  in 
many  cases  there  have  been  eruptions  of  veins  of  calcareous  spar,  and 
even  ascribes  the  veins  and  slender  ramifications  of  gypsum  in  the 
argillaceous  beds  of  the  lias  of  Burgundy  and  tlie  other  eastern  pro- 
vinces of  France  to  eruptions  of  sulphate  of  lime. 

*  Lyell'i  America,  i.  248. 
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Metallic  Products. 

The  protnisions  of  igneous  rocks  along  the  line  of  the  Urals  were 
accompanied  throughout  a  great  part  of  the  chain  by  the  formation 
of  numerous  and  extensive  metallic  veins,  particularly  on  the  eastern 
flanks,  the  chief  seat  of  the  metallic  riches  of  Russia,  especially  in 
copper  and  iron.  The  geological  details  connected  with  these  me- 
talliferous rocks  constitute  a  large  and  interesting  part  of  Sir  R. 
Murchison's  work.  One  of  the  most  important  geological  features 
connected  with  them,  and  it  is  one  which  appears  to  be  well  esta- 
blished, is  the  comparatively  recent  date  of  the  eruptions  which 
brought  these  metallic  products  of  nature's  crucibles  within  the 
reach  of  man.  The  accounts  of  the  rich  gold  deposits  are  curious, 
and  the  ejection  of  the  rock  in  which  that  metal  is  contained  ap- 
pears to  have  been  very  modern — little,  if  at  all,  anterior  to  the 
destruction  of  the  mammoths,  whose  remains  are  entombed  in  the 
gravel  which  is  found  everywhere  in  the  depressions  of  the  Ural 
chain,  and  whieh  covers  vast  regions  of  Siberia.  The  matrix  ap- 
pears to  be  quartz  in  the  form  of  veins,  but  to  find  the  gold  in 
that  state  is  extremely  rare.  It  is  found  in  lumps  and  grains  that 
have  been  rolled,  mixed  with  other  detrital  matter.  A  lump  weigh- 
ing about  seventy-eight  pounds  English,  found  in  1843,  is  now  in 
the  Museum  of  the  Imperial  School  of  Mines  at  St  Petersburg. 

Several  curious  facts  are  adduced  to  show  that  some  of  the  ores 
of  copper,  particularly  the  green  carbonate  or  malachite,  are 
aqueous  productions,  derived  from  pre-existing  ores,  as  calcareous 
stalagmites  are  derived  from  limestone  rocks.  In  the  copper  mine 
of  Nijny  Tagilsk,  at  a  depth  of  280  feet  from  the  surface,  an  im- 
mense irregularly-shaped  botryoidal  mass  of  solid  pure  malachite 
was  found,  of  a  bulk  estimated  at  upwards  of  half  a  million  of  pounds 
weight,  presenting  in  its  interior  the  wavy  radiations  and  silky  struc- 
tare  of  that  beautiful  mineral ;  almost  identical  in  structure  with 
many  calcareous  semi-cr)'stalline  minerals,  of  whose  aqueous  origin 
no  doubt  exists. 

All  the  best  iron  of  Russia  is  brought  from  the  Ural  chain  and 
its  flanks.  It  is  found  in  veins  in  greenstones,  and  intermixed  with 
the  mass  of  erupted  rocks  of  that  class,  often  in  great  abundance  at 
the  junction  of  the  igneous  and  stratified  rocks,  these  last  being  in 
a  metamorphic  state.  Magnetic  iron  ore  is  the  chief  form  in  which 
the  metal  is  found,  and  it  constitutes  vast  masses,  sometimes  worked 
io  an  open  quarry. 

Changes  in  tlte  Relative  Level  of  Sea  and  Land. 

You  are  well  aware  that  proofs  of  changes  in  the  relative  level  of 
the  sea  and  land  along  certain  shores,  particularly  in  the  Baltic  and 
Mediterranean,  since  our  continents  and  adjacent  islands  were 
bounded  by  their  present  lines  of  coast,  had  attracted  the  atten- 
tion of  some  of  the  earlier  geologists ;  but  it  is  only  within  a  com« 
paratively  recent  period  that  the  discovery,  in  numerous  instances, 
of  the  action  of  the  sea  at  elevations  far  above  its  present  level, 
in  what  have  been  termed  raised  beaches^  has  excited  due  attention 
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to  this  most  important  class  of  geological  phaenomena ;  changes 
which  may  almost  be  said  to  come  within  the  range  of  our  expe- 
Tieiice»  and  which  appear  to  afford  a  key  to  the  right  solution 
of  many  analogous  changes  during  periods  long  antecedent.  We 
have  for  some  time  known  that  eroded  rocks,  and  long  lines  of  level 
beds  or  terraces  of  shingle,  sand  and  clay,  mixed  with  broken  shells 
like  what  we  now  find  at  the  sea-shore,  are  met  with  along  the  coasts 
of  Sweden,  and  in  Norway  and  the  islands  adjacent,  from  the  Naze 
to  the  North  Cape,  and  even  to  Spitzbergen.  These  beds  of  detritus, 
which  have  been  found  at  elevations  of  600  feet,  and  are  sometimes 
above  160  feet  in  thickness,  usually  rest  on  the  solid  rock,  and 
frequently  contain  shells  in  a  perfect  state  of  preservation  as  to 
freshness  and  colour,  the  bivalves,  which  are  identical  with  species 
now  living  near  the  shore  of  the  adjoining  sea,  retaining  their  uniting 
ligament ;  indicating  that  the  changes  have  occurred,  either  during 
the  latter  part  of  the  tertiary  period,  or  at  the  commencement  of  the 
existing  geological  period.  These  facts  are  described  in  the  writings 
of  Playfair,  Von  Buch,  Keilhau,  Sefstroui,  Lyell  and  others,  and 
some  very  remarkable  cases  have  recently  been  given  in  a  memoir 
by  M.  Bravais*,  who  resided  a  year  in  Finmark,  between  the  seven- 
tieth and  seventy-first  degrees  of  latitude,  and  who  has  measured 
with  great  care  a  series  of  terraces  or  raised  beaches  in  the  Alten 
Fiord,  which  extend  over  a  line  of  coast  from  fifty  to  sixty  miles. 

The  western  coast  of  our  own  island  has  also,  as  you  know,  afforded 
some  most  remarkable  instances  of  these  changes  of  relative  level  of 
sea  and  land,  from  the  north  of  Scotland  to  Cornwall,  and  in  some 
cases  at  a  much  greater  elevation  than  in  Norway,  as  at  Moel  Try- 
fane  in  Caernarvonshire,  more  than  1000  feet  above  the  sea.  That 
they  have  not  been  found  in  as  continuous  extent  in  Britain  as  in 
Norway  is  perhaps  owing  to  this,  that  the  shores  of  our  island  being 
cultivated,  these  banks  of  loose  materials  would  gradually  become 
obliterated. 

But  it  is  not  the  shores  of  Europe  alone  that  have  afforded  proofs 
of  these  changes ;  the  continents  of  North  and  South  America  exhibit 
them  on  a  far  grander  scale,  both  on  the  Atlantic  and  Pacific  coasts. 
We  are  indebted  to  Mr.  Darwin  for  descriptions  of  many  remark- 
able instances ;  and  some  of  these  which  have  recently  come  again 
under  our  notice,  in  the  second  edition  of  his  '  Journal,'  published 
within  the  last  few  months,  I  will  draw  your  attention  to  :  I  know 
no  geologist  whose  observations,  and  the  inferences  he  draws  from 
them,  are  more  to  be  relied  upon ;  for  he  examined  the  country  he 
describes  evidently  uninfluenced  by  any  preconceived  opinions. 
They  have  besides  a  bearing  upon  some  fresh  accessions  to  our 
knowledge  of  facts  of  this  description,  both  in  Europe  and  North 
America,  during  the  past  year. 

At  Coquimbo,  in  northern  Chile,  ^ve  narrow,  gently  sloping, 
fringe-like  terraces  rise  one  behind  the  other,  and,  where  best  deve- 
loped, are  formed  of  shingle.    At  Guasco,  farther  north,  the  terraces 

*  A  transUtion  of  this  valuable  memoir  is  given  in  the  fourth  number  of  the 
Quarterly  Jonmal  of  the  Geological  Society. 
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are  much  broader,  and  may  be  called  plains,  and  they  ran  up  tha 
▼alley  for  thirty*aevea  miles  from  the  coast.  Shells  of  many  eiust* 
ing  species  not  only  lie  on  the  surface  of  the  terraces,  to  a  height  of 
250  feet»  but  are  imbedded  in  a  friable  calcareous  rock,  which  is  In 
some  places  as  much  as  from  twenty  to  thirty  feet  in  thickness ;  and 
these  modem  beds  rest  on  an  ancient  tertiary  formation,  containing 
shells  apparently  all  extinct  '*  The  explanation  of  the  formation  of 
these  terraces  must  be  sought  for*  no  doubt,  in  the  fact,  that  the 
whole  southern  part  of  the  continent  has  been  for  a  long  time  slowly 
rising,  and  therefore  that  all  matter  deposited  along  shore  in 
■hallow  water  must  have  been  soon  brought  up  and  slowly  exposed 
to  the  wearing  action  of  the  sea^beach  *•"  He  describes  a  great  val- 
ley near  Copiapo,  reaching  far  inland,  the  bottom  of  which,  consist- 
ing  of  shingle,  is  smooth  and  level ;  and  states  that  he  has  little  doubt 
that  this  valley  was  left,  in  the  state  in  which  it  is  now  seen,  by  the 
waves  of  the  sea,  as  the  land  slowly  rosef*  He  then  goes  on  to 
state,  '*  I  have  convincing  proofs  that  this  part  of  the  continent  of 
South  America  has  been  elevated  near  the  coast  at  least  from  400 
to  500,  and  in  some  parts  from  1000  to  1300  feet,  since  the  epoch 
of  existing  shells ;(•"  Speaking  of  the  neighbourhood  of  Valparaiso 
he  says,  '*  The  proofs  of  the  elevation  of  this  whole  line  of  coast  are 
unequivocal :  at  the  height  of  a  few  hundred  feet  old-looking  shells 
are  numerous,  and  I  found  some  at  1300  feet  These  shells  either 
lie  loose  on  the  surface,  or  are  imbedded  in  a  reddish-black  vege- 
table mould.  I  was  much  surprised  to  find,  under  the  microscope, 
that  this  vegetable  mould  is  really  marine  mud,  full  of  minute  par* 
tieles  of  organic  bodies  §•" 

So*  far  for  instances  of  changes  in  the  relative  level  of  sea  and 
land  on  the  western  shores  of  the  continent ;  they  are  no  less  eon- 
spicuous  on  the  Atlantic  side.  '*  The  land  from  the  Rio  Plata  to 
Tierra  del  Fuego,  a  distance  of  1200  miles,  has  been  raised  in  mass 
(and  in  Patagonia  to  a  height  of  between  ^00  and  400  feet)  within 
the  period  of  now  existing  sea-shells.  The  old  and  weatherMl  shells 
left  on  the  surface  of  the  uprabed  plain  still  partially  retain  their 
colours.  The  uprising  movement  has  been  interrupted  by  at  least 
eight  long  periods  of  rest  during  which  the  sea  ate  deeply  baek 
into  the  land,  forming  at  successive  levels  the  long  lines  of  cliffli  or 
esearpments  which  separate  the  different  plains,  as  they  rise  like 
steps  one  behind  the  other  ||." 

Now  it  is  important  to  observe,  that  in  some  of  the  above  in- 
stances, and  also  in  others  which  Mr.  Darwin  gives,  the  proofs  of 
change  are  not  in  terraces  or  raised  beaches  only,  but  that  there  are 
broad  expanses  of  land  far  from  the  coast  where  marine  shells  of 
existing  species  lie  near  the  surface  and  upon  it ;  in  other  words, 
that  we  have  that  which  recently  was  a  sea-bottom  now  forming  an 
elevated  part  of  the  continent. 

The  authors  of  the  '  Geology  of  Russia  *  have  described  a  sea- 
bottom,  extending  nearly  200  miles  inland  from  the  shores  of  the 

•  Joumsl  of  s  VofSM  nmnd  the  World,  2iid  sdlt  p.  344.  f  IMd.  365. 

t  Ibid.  357.  $  im.  234.  ||  lUd.  171. 
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Afctio  Ooean,  which  they  were  the  first  to  discover.  In  asceDding 
the  Dwina,  whieh  flows  into  a  bay  of  the  Icy  Sea  at  Archangel, 
tkffy  dUoovered  at  about  150  miles  from  that  city,  near  where  the 
Vagat  a  tributary,  falls  into  the  Dwina,  a  profusion  of  shells  having 
a  ^^  modem  aspect,  regularly  imbedded  in  clay  and  sand  of  about 
ten  feet  in  thickness,  which,  covered  by  about  twenty  feet  of  the 
coarse  gravel  and  detritus  of  the  country,  reposed  on  red  and  white 

Bpaom»  subordinate  to  red  marls  of  the  Permian  system  of  rocks, 
lej  traced  these  shelly  beds  to  a  distance  of  about  eight  miles. 
Sooie  of  the  shells  preserved  in  the  blue  clay  or  marine  sand,  and 
thereby  excluded  from  atmospheric  influence,  have  retained  all  the 
freshness  of  their  original  colour,  with  their  valves  often  united ;  and 
the  whole,  even  when  blanched,  are  generally  in  a  good  state  of  pre- 
serTatioD.  What  they  collected  were  carefully  examined  by  skilfbl 
eoiichologists.  Dr.  Beck  of  Copenhagen  considered  all  he  examined 
to  be  identical  with  those  now  existing  in  northern  seas  which  range 
from  42^  to  84°  north  latitude.  Mr.  Smith  of  Jordan-hill  was  of 
opinion,  that  though  many  of  these  species  are  recent,  some  are  of 
peculiar  varieties,  now  found  in  desiccated  and  elevated  sea-beaches 
only.  Mr.  Lyell  recognised  the  group  as  identical  with  that  which  he 
had  described  from  Uddevalla  in  Sweden,  a  distance  of  a  thousand 
miles  from  the  Dwina ;  and  Mr.  G.  Sowerby  stated,  that  the  shells, 
though  on  the  whole  an  association  of  existing  species,  have  yet 
among  them  forms  seldom,  if  ever,  found  except  in  raised  sea- 
bottoms  of  a  subfossil  character.  The  authors  estimate  the  place 
where  these  shelly  beds  occur  to  be  about  150  feet  above  the  sea  at 
Archangel,  and  consider  them  to  afford  undoubted  evidence  that  the 
land,  from  the  Vaga  to  Archangel,  was  a  sea-bottom  during  the 
period  of  existing  species.  A  similar  estuary  appears  to  have  existed 
about  SCO  miles  eastward,  in  the  valley  of  the  Petchora ;  for  Count 
Keyserling  found  fragments  of  sea-shells,  apparently  of  existing 
arctic  forms,  at  a  distance  of  180  miles  from  the  present  embouchure 
•f  that  river,  strewed  upon  argillaceous  slopes  in  the  depression  of 
the  valley.  He  further  observed,  that  they  do  not  occur  in  the  ad- 
joining plateaux ;  and  that  these  higher  grounds  are  occupied  by 
sand,  gravel  and  clay,  containing  here  and  there  bones  of  the  mam- 
moth, from  which  he  infers,  that  the  shelly  deposits  were  formed  in 
ft  bay  of  the  sea  that  extended  far  into  low  lands,  which  were  then 
inhabited  by  great  extinct  mammalia. 

In  the  sketch  given  by  the  same  authors  of  the  structure  of  Si- 
beria, they  adduce  a  body  of  very  satisfactory  evidence  to  justify 
the  inference  they  draw,  that  the  vast  region  in  which  the  bones 
of  Mammoth,  Rhinoceros  and  Bos  Urus  are  so  abundantly  dis* 
persed,  and  especially  the  wide  and  low  tract  of  northern  Siberia; 
and  all  the  low  promontories  between  the  Obe,  the  Yenessei  and 
the  Lena,  were  elevated  at  a  period  long  subsequent  to  the  time 
when  large  herds  of  these  animals  for  many  successive  generations 
inhabited  that  region.  Following  up  the  views  first  propounded  by 
Mr.  Lyell,  to  whom  they  do  full  justice,  they  infer  that  the  change 
of  clixnate^  the  diminished  temperature,  occasioned  by  the  increase 

o2 
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of  land  when  the  sea-bottoms  of  these  estuaries  and  shores  were  up- 
raised, caused  the  extinction  of  these  great  quadrupeds. 

Although  the  great  tract  of  country  from  the  Baltic  to  the  ele- 
vated region  westward  of  the  Ural  Mountains  has  not  been  locally 
broken  up  by  eruptive  rocks,  there  is  ample  evidence  to  prove  that  it 
has  been  subjected  to  the  action  of  subterranean  forces,  which  ele- 
vated the  whole  region,  after  the  deposition  of  Miocene  tertiary  beds, 
and  after  the  land,  while  submarine,  had  assumed  its  present  form. 
"  From  the  German  Ocean  and  Hamburgh  on  the  west  to  the  White 
Sea  on  the  east,  a  vast  zone  of  country,  having  a  length  of  near  2000 
miles,  and  a  width  varying  from  400  to  800  miles,  is  more  or  less 
covered  with  loose  detritus,  including  erratic  crystalline  blocks  of 
colossal  size,  the  whole  of  which  blocks  have  been  derived  from  the 
Scandinavian  chain."  The  eastern  and  south-eastern  boundary  of 
these  erratic  blocks  mark  the  line  of  coast  westward  of  which  all  the 
land  as  far  as  the  shores  of  the  Baltic  was  then  submerged.  Between 
that  line  of  coast  and  the  Urals  is  the  region  that  constitutes  the 
Governments  of  Perm,  Viatka  and  Orenburg ;  and  for  a  consider- 
able space  to  the  west  of  the  Ural  there  is  not  a  vestige  of  any  super- 
ficial deposit  which  can  be  referred  to  the  influence  of  the  sea.  "  We 
believe,  therefore,"  say  the  authors,  *'  that  the  region  so  characterized 
was  really  above  the  waters,  and  inhabited  by  mammoths,  when  the 
erratic  blocks  were  transported  over  the  adjacent  north-western  sea.*' 
The  amount  of  this  elevation,  subsequent  to  the  covering  of  the  sea- 
bottom  by  the  northern  drift,  must  have  been  at  least  from  800  to 
1000  feet;  for  the  tops  of  the  Valdai  hills,  a  range  on  the  eastern 
borders  of  Lithuania,  and  to  the  south  of  the  Government  of  St 
Petersburg,  which  rise  in  some  places  to  that  height,  are  covered 
with  these  blocks  on  their  southern  slopes. 

Mr.  Lyell,  speaking  of  the  country  near  Savannah  in  North  Ame- 
rica, says,  "  It  is  evident  that  at  a  comparatively  recent  period,  since 
the  Atlantic  was  inhabited  by  the  existing  species  of  marine  tes- 
tacel^  there  was  an  upheaval  and  laying  dry  of  the  bed  of  the  ocean 
in  this  region.  The  flat  country  of  marshes  was  bounded  on  its 
inland  side  by  a  steep  bank  or  ancient  cliff,  cut  in  the  sandy  tertiary 
•trata ;  and  there  are  other  inland  cliffs  of  the  same  kind,  at  different 
heights,  implying  the  successive  elevation  above  the  sea  of  the  whole 
tertiary  region.*'  In  a  letter  which  I  received  from  him  a  few  days 
ago,  dated  from  Savannah,  Mr.  Lyell  tells  me  '^  that  he  had  seen  on 
the  coast  of  Georgia  quite  a  counterpart  of  the  terraces,  or  successive 
cliffs  of  Patagonia,  cut  out  of  the  tertiary  deposits."  But  there  are 
abo  evidences  on  that  coast  of  a  downward  movement  at  the  present 
time.  Mr.  Lyell  says,  *^  There  have  also  been  subsidences  on  the 
coast,  and  perhaps  far  inland  ;  for  in  many  places  near  the  sea  there 
are  signs  of  a  forest  having  become  submerged,  the  remains  of  erect 
trees  being  seen  enveloped  in  stratified  sand  and  mud.  I  even  sus- 
pect that  this  coast  is  now  sinking  down  at  a  slow  and  insensible 
rate,  for  the  sea  is  encroaching  and  gaining  at  many  parts  on  the 
freshwater  marshes.  • .  .Everywhere  there  are  proofs  of  the  coast  ha- 
ving sunk^  and  the  subsidence  seems  to  have  gone  on  in  very  modem 
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times."  Speaking  of  some  phaenomena  connected  with  a  boulder 
formation  at  Brooklyn  near  New  York,  he  says  that  he  had  come  to 
the  conclusion  ^*  that  the  drift  was  deposited  during  the  successive 
submergence  of  a  region  which  had  previously  been  elevated  and 
denuded,  and  which  had  already  acquired  its  present  leading  geo- 
graphical features  and  superficial  configuration."  In  the  region 
near  the  Falls  of  Niagara,  on  Lake  Ontario,  and  in  the  valley  of  the 
St.  Lawrence,  he  enumerates  many  unequivocal  proofs  of  emergence 
and  submergence  during  the  modern  period  now  under  consider- 
ation. He  states  that  in  the  valley  of  the  St.  Lawrence  he  seemed 
to  have  got  back  to  Norway  and  Sweden,  passing  over  enormous 
spaces  covered  by  deposits  so  modern  as  to  contain  exclusively 
shells  of  recent  species,  resting  on  the  oldest  palaeozoic  and  older 
Don-fossiliferous  rocks.  Wide  areas  are  covered  with  marine  shells 
of  recent  species,  at  the  height  of  500  feet  above  the  sea,  and  where 
all  the  rocks  can  be  shown  both  to  have  sunk  and  to  have  been 
again  uplifted  bodily,  for  a  height  and  depth  of  many  hundred  feet, 
since  the  deposition  of  these  shells.  At  the  village  of  Beauport, 
three  miles  below  Quebec,  he  made  a  collection  of  shells  from  a 
cliff  consbting  of  a  series  of  beds  of  clay»  sand,  gravel  and  boulders; 
and  he  states  that  when  they  arrived  in  London,  Dr.  Beck  of  Copen- 
hagen happened  to  be  with  him,  and  "  great  was  our  surprise,"  he 
adds,  *^  on  opening  the  box  to  find  that  nearly  all  the  shells  agreed 
specifically  with  fossils  which,  in  the  summer  of  the  preceding  year, 
I  had  obtained  at  Uddevalla  in  Sweden,  and  figured  in  my  paper 
"  On  the  Rise  of  Land,"  &c.,  in  the  *  Philosophical  Transactions '  for 
1835.  Among  the  species  most  abundant  in  these  remote  regions 
(Scandinavia  and  Canada)  were  Saxicava  rugosa^  Mya  truncatOf 
m,  arenaria,  Tellina  calcarea,  T,  Grcenlandica^  Natica  clausa,  and 
Balanus  Uddevaliensis.  All  of  them  are  species  now  living  in  the 
northern  seas ;  and  whereas  I  had  found  them  fossil  in  latitudes  58^ 
and  60^  N.  in  Sweden,  Captain  Bayfield  sent  them  to  me  from  a 
part  of  Canada  situated  in  latitude  47°  N." 

Ascending  the  St.  Lawrence,  he  found  near  Montreal,  at  a  height 
of  about  sixty  feet  above  the  river,  great  numbers  of  the  Mytilus 
edulis,  retaining  both  valves  and  their  purple  colour,  associated  with 
Tellina  Grcenlandica  and  Saxicava  rugosay  in  horixontal  beds  of 
loam  and  marly  clay.  He  found  the  same  shells  at  ninety  feet  as- 
sociated with  boulders  of  gneiss  and  syenite  three  feet  in  diameter^ 
characteristic  of  the  Canadian  drift;  and  he  was  afterwards  con- 
ducted to  a  hollow  between  the  two  eminences  which  form  the 
Montreal  mountain,  where  he  found  a  bed  of  gravel  six  feet  thick, 
containing  numerous  valves  of  Saxicava  rugosa  and  Tellina  Grom' 
landica.  This  bed  he  estimates  at  540  feet  above  the  sea,  306  feet 
above  Lake  Ontario,  and  only  twenty-five  feet  below  the  level  of 
Lake  Erie. 

Such  comparatively  modern  changes  in  the  relative  level  of  the 
land  and  sea,  were  ascribed  by  the  earlier  geologists,  and  are  by 
some  still  ascribed,  to  a  rising  or  sinking  of  the  sea.  Play  fair,  nearly 
half  a  century  ago,  combating  this  opinion  maintained  by  the  Swe- 
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dish  uaturalist  Celsius,  demoDstrated  the  untenable  nature  of  soch  a 
hypothesis ;  it  was  he  who  first  showed  that  these  changes  of  relatire 
lerel  are  alone  explicable  by  the  movements  of  the  land^  and  that  a 
permanent  change  of  level  of  the  sea,  in  detached  regions  of  the 
earth's  surface,  is  physically  impossible.  *'  The  imagination,"  he  says, 
'*  naturally  feels  less  difficulty  in  conceiving  that  an  unstable  fluid 
like  the  sea,  which  changes  its  level  twice  every  day,  has  undergone 
a  permanent  depression  in  its  surface,  than  that  the  land,  the  terra 
firma  itself,  has  admitted  of  an  equal  elevation.  In  all  this,  however, 
we  are  guided  much  more  by  fancy  than  by  reason  ;  for»  in  order 
to  depress  or  elevate  the  absolute  level  of  the  sea,  by  a  given  quan- 
tity, in  any  one  place,  we  must  depress  or  elevate  it  by  the  same 
quantity  over  the  whole  surface  of  the  earth  ;  whereas  no  such  ne<^ 
cessity  exists  with  respect  to  the  elevation  or  depression  of  the  land. 
To  make  the  sea  subside  thirty  feet  all  around  the  coast  of  Great 
Britain,  it  is  necessary  to  displace  a  body  of  water  thirty  feet  deep 
over  the  whole  surface  of  the  ocean.  It  is  evident  that  the  simplest 
hypothesis  for  explaining  those  changes  of  level,  is,  that  they  pro- 
ceed from  the  motion,  upwards  or  downwards,  of  the  land  itself,  and 
not  from  that  of  the  sea.  As  no  elevation  or  depression  of  the  sea 
can  take  place  but  over  the  whole,  its  level  cannot  be  afiected  by 
local  causes,  and  is  probably  as  little  subject  to  variation  as  anything 
to  be  met  with  on  the  surface  of  the  globe*". 

Notwithstanding  that  this  unanswerable  doctrine  was  thus  clearly 
laid  down  so  far  back  as  1802,  we  still  find  geologists  of  authority 
speaking  of  the  sea  having  risen  or  fallen,  in  their  endeavours  to  ex^ 
plain  certain  phaenomena.  I  have  within  the  last  year  heard  this 
said  repeatedly  in  this  room ;  and  in  a  recent  excellent  paper  of  my 
friend  Mr.  Maclaren  of  Edinburgh,  on  Boulders  and  grooved  and 
striated  Rocks  observed  by  him  on  the  shores  of  the  Gaire  Loch  in 
Dumbartonshire,  an  excellent  observer,  and  in  general  a  sound  rea- 
soner,  I  find  such  expressions  as  the  following : — **  The  anomalous 
presence  of  granite  boulders  at  Gare  Loch  seems  best  explained  by 
a^uming  that  they  were  floated  on  icebergs  from  Ben  Cruachan, 
Ben  Nevis,  or  some  other  of  the  lofty  granite  mountains  of  the 
north  . .  t  •  The  sea  must  then  have  stood  perhaps  1500  feet  above  Us 
present  levei,  to  permit  the  rafls  of  ice  to  pass  over  the  lowest  part 
of  the  barrier. ...  An  iceberg  starting  from  the  West  or  North 
Highlands,  and  floating  in  a  sea  1500  or  2000  fiet  above  the  present 
level  of  the  Atlantic,  is  an  agent  perfectly  capable  of  effecting  the 
transportation  of  the  stone,  and  offers,  I  think,  the  only  conceivable 
solution  of  the  difficulty ....  When  the  sea  stood,  as  it  certainfy  ones 
did  stand,  lOOO^sf  or  more  above  its  present  level,  a  current  would 
set  eiistward  through  the  gulf  then  occupying  the  low  lands^  of 
which  the  estuaries  of  the  Forth  and  Clyde  form  the  extretnities/' 
Speaking  of  an  ancient  beach  thirty-two  feet  above  the  present  high 
water  line  on  the  shore  of  Gare  Loch,  he  says,  <*  We  may  infer  that 
when  the  glacier  occupied  the  valley  of  Gare  Loch,  the  sea  stood 
higher  than  it  does  now  by  at  least  thirty  feet,  and  probably  a  great 
*  lUuitriKtiOiit  of  ih«  Hotieiiiftn  ThSoiy,  p.  446. 
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deal  motB**\  It  is  possible  that  these  may  be  mere  inaccuracies  of 
expression  in  describing  changes  of  relative  level  of  sea  and  land» 
but  if  thejr  C^re  so  they  ought  to  be  guarded  against,  for  they  may 
be  rery  easily  misapprehended ;  and  they  tend  to  perpetuate  an  error 
that  iMds  to  the  most  false  reasoning  on  many  changes  on  the  earth's 
surfaoe. 

If  the  land  of  Norway  had  been  immovable,  if  the  sea  had  fallen 
from  a  higher  levels  the  lines  of  its  former  shores,  as  it  sank  at  in- 
tervals, would  have  been  continuous  and  parallel ;  but  the  raised 
beaches  are,  within  short  distances,  at  different  elevations ;  other 
observers  had  remarked  this,  but  it  is  to  Mi  Bravais  that  we  are  in- 
debted for  the  first  exact  measurements  of  the  relative  positions  of 
the  successive  terraces,  and  these  have  demonstrated  that  their  par- 
sJlelism  is  only  apparent.  During  his  residence  on  the  Alien  Fiordi 
near  North  Cape,  he  extended  his  levelings  over  a  space  of  froni 
nine  to  ten  myriametres,  that  is,  from  about  fifty-five  to  sixty^two 
English  miles ;  and  he  ascertained  that  the  two  great  lines  of  ancient 
level  there,  which  are  on  a  slope  rising  from  the  sea,  come  nearer 
and  nearer  to  each  other  as  they  approach  the  present  shore }  their 
greatest  elevation  is  in  the  upper  part  of  the  Fiords  and  they  are 
there  widest  apart.  It  is  evident  therefore  that  the  movement  of  the 
land  has  been  different  in  different  parts  of  the  fiord.  It  seems  as 
if  the  continental  mass  had  beeh  elevated  with  an  inclination  sea^i- 
ward,  the  axis  of  motion  corresponding  nearly  to  that  of  the  great 
chain  of  the  mountains  of  Norway.  It  is  most  desirable  that  mea- 
surements similar  to  those  of  M.  Bravais  should  be  made  in  all  places 
Where  there  are  terraces  or  raised  beaches  one  above  another  along 
our  coasts.  Mr.  Darwin  s  explanation  of  the  parallel  roads  of  Glen 
Roy,  that  they  are  ancient  sea-beaches,  appears  to  be  now  generally 
aeoepted  \  and  it  would  be  most  interesting  if  it  were  ascertained  by 
exact  levelings^  such  an  those  of  M.  Bravais  in  the  Alten  Fiord, 
whether  they  are  really  parallel ;  because,  as  M.  Bravais  well  remarks, 
they  may  seem  so  to  the  eye,  which  can  take  in  only  a  small  part  of 
the  space  they  occupy,  while  exact  measurements  might  prove  that 
the  appearances  Are  deceptive^ 

That  land  in  various  parts  of  the  earth  has  undergone  movements 
of  elevation  and  depression,  and  that  it  has  been  subject  to  such 
oscillations  at  all  times,  up  to  the  present  day,  admits  I  think  of  no 
doubt;  without  therefore  going  quite  so  f^r  as  my  friend  Mr.  Dsf* 
win^  Who  tells  us  that  **  daily  it  is  forced  home  on  the  mind  of  thil 
geologist^  that  nothing,  not  even  the  wind  that  bloWs,  is  so  unstable 
as  the  level  of  the  crust  of  this  earth,*'  still  I  believe  it  may  be  safely 
affirmed,  that  the  stability  of  the  sea  atld  the  mobility  of  the  land 
must  be  acknowledged  to  be  demonstrated  truths  in  Geology. 

Boulder  Formations  and  Erratic  Blocks. 

The  geologically  modern  changes  in  the  relative  level  of  sea  and 
land  are  intimately  connected  with  the  history  of  the  vast  accumu- 

*  EdiiL  I*hiL  Journal,  January  1846. 
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latioDS  over  Northern  Europe  and  North  America  of  detrital  matter, 
in  the  form  of  sand,  clay,  gravel,  boulders,  and  huge  erratic  blocks, 
and  of  the  grooved,  striated  and  polished  surfaces  of  hard  rocks 
which  usually  accompany  them.  This  great  problem,  complicated 
in  its  nature  and  full  of  difficulties,  has  of  late  years  more  particu- 
larly arrested  the  attention  of  geologists ;  and  it  must  long  continue 
to  do  so  before  a  sufficient  mass  of  observations  can  be  collected  on 
which  a  satisfactory  solution  of  it  can  be  founded.  Although,  as 
regards  Europe,  many  important  local  facts,  exhibited  in  limited 
districts,  have  been  well  described  by  several  geologists,  both  of  this 
country  and  of  the  continent,  we  are  indebted  for  the  most  extended 
observations  and  the  most  comprehensive  views  of  the  subject  to  the 
labours  of  Keilhau,  Sefstrom,  Durocher,  Murchison,  De  Vemeuil, 
and  Forchhammer.  The  geologists  of  the  United  States,  and  Lyell, 
have  brought  together  a  great  body  of  evidence  respecting  the  same 
phenomena  in  North  America.  There  is  reason  to  infer,  from  the 
limited  observations  that  have  been  made  along  the  shores  of  Sibe- 
ria, that  the  boulder  formation  extends  also  over  Northern  Asia. 

Many  new  observations  have  been  made  known  to  us  during  the 
last  year,  by  the  authors  of  the  *  Geology  of  Russia,'  by  Mr.  Lyell  in 
his  *  Travels  in  the  United  States,  Canada,  and  Nova  Scotia,'  and  by 
M.  Durocher  in  an  additional  memoir  which  he  read  last  December 
before  the  Geological  Society  of  France,  describing  observations 
made  by  him  in  Norway  during  the  preceding  summer. 

You  are  aware  that  Agassiz  and  Charpentier  have  attempted  to 
explain  the  phaenomena  by  supposing,  that  at  a  very  recent  geol<^i- 
cal  period,  since  the  time  when  the  land  had  assumed  its  present 
form.  Northern  Europe  was  covered  with  a  vast  mantle  of  ice,  and 
that  the  detritus  and  erratic  blocks  have  been  formed  and  transported 
by  the  agency  of  sub-aerial  glaciers,  in  the  same  manner  as  moraines 
have  been  accumulated,  blocks  transported,  and  rocks  furrowed, 
striated,  rounded  and  polished  by  the  glaciers  descending  from  the 
Alps.  Abundant  evidence  has  been  brought  forward  to  demonstrate, 
that  by  no  such  action  can  the  phaenomena  be  explained ;  and  all 
the  geologists  mentioned  above,  who  have  carefully  investigated 
them,  reject  the  theory  as  inapplicable  to  Northern  Europe  and 
America,  except  in  a  very  limited  sense. 

The  Boulder  Formation,  or  Northern  Drift,  and  The 
Erratic  Blocks,  are  shown,  by  the  authors  of  the  *  Geology  of 
Russia,'  to  be  two  distinct  classes  of  phenomena ;  the  latter  being 
usually  angular,  the  materials  of  the  former  being  rounded  and  worn 
by  attrition.  It  appears  to  me  to  have  been  clearly  proved  that  the 
boulder  formation  is  not  the  work  of  a  sudden  transient  action  of 
short  duration,  but  the  result  of  operations  that  were  going  on  during 
the  middle  tertiary  deposits,  and  in  Europe  extended  at  least  to  the 
Pleistocene  period ;  that  the  greater  part  of  the  accumulations  took 
place  since  existing  species  of  testacea  inhabited  the  adjoining  seas ; 
and  that  the  transport  of  erratic  blocks  took  place  at  a  later  pe- 
riod. It  seems  to  be  no  less  clearly  established,  that  the  boulder 
and  drift  accumulations  and  the  erratic  blocks  now  covering  the  dry 
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land  were  deposited  upon  a  sea-bottom  which  has  been  since  upraised. 
Where  the  smaller  detritus  and  rounded  boulders  came  from,  and 
how  they  were  drifted  into  their  present  situations,  are  branches  of 
the  subject  involved  in  great  obscurity.  That  fragments  of  hard 
rock  were  the  tools  which  graved  the  furrows  and  striae,  and  polished 
the  surfaces  of  hard  rocks  they  passed  over,  is  pretty  evident ;  but 
what  held  and  guided  the  tool,  what  force  applied  it,  to  what  extent 
ice,  and  to  what  extent  water  was  the  agent,  is  not  so  clear ;  that 
both  have  acted  there  can  be  no  doubt.  It  is,  I  think,  very  satis- 
factorily shown,  that  the  erratic  blocks  must  have  been  brought  down 
from  lofty  mountains,  to  the  open  sea  that  washed  their  bases,  by 
glaciers ;  that  they  were  floated  to  great  distances  by  masses  of  ice 
breaking  off  from  these  glaciers,  to  form  icebergs,  in  different  direc- 
tions from  central  points,  and  stranded  on  elevated  parts  of  the  sea- 
bottom,  without  having  been  subject  to  much  attrition  ;  and,  more- 
over, that  these  erratic  blocks  can,  in  a  great  number  of  instances, 
be  traced  to  their  parent  rock,  though  now  separated  some  hundred 
miles.  Some  of  the  evidence  in  support  of  these  positions,  supplied 
during  the  last  year,  I  will  now  bring  forward.  I  regret  that  my 
limits  will  not  allow  me  to  do  greater  justice  to  the  authors  to  whom 
we  are  indebted  for  it,  either  as  regards  their  facts,  or  their  deduc* 
tions  from  these  facts. 

Tlie  boulder  formation  and  erratic  blocks  cover  an  enormous 
area,  from  the  Arctic  Sea  over  a  great  part  of  Northern  Europe ; 
not  continuously,  but  often  uninterruptedly  over  vast  regions.  The 
masses  of  clay,  sand  and  gravel  are  sometimes  of  so  great  thickness 
that  it  is  impossible  to  detect  a  trace  of  the  subjacent  solid  rook, 
over  very  wide  tracts,  even  in  the  beds  of  the  Volga  and  the  deepest 
cutting  rivers.  M.  Durocher,  in  his  first  memoir*,  did  not  trace  the 
erratic  blocks  farther  east  than  the  forty-second  degree  of  longitude, 
nor  farther  south  than  the  fifty-fifth  degree  of  north  latitude ;  but 
the  authors  of  the  'Geology  of  Russia'  have  described  them  as  ex- 
tending 500  miles  farther  east,  and  above  200  miles  farther  south. 
As  the  parent  rocks  of  most  of  these  huge  fragments  are  in  Scan- 
dinavia and  Finland,  they  have  been  in  some  instances  transported 
to  a  distance  of  800  miles  in  a  direct  linef.  It  is  possible  that  the 
boulder  formation  may  extend  somewhat  farther,  but  probably  not 
much  ;  for  there  is  reason  to  believe  that  land  on  the  east  and  south 
was  above  the  level  of  the  sea,  as  has  been  already  stated,  at  the 
time  the  country  to  the  west  and  north  was  submerged,  which  would 
stop  the  advance  of  the  boulder  formation  and  erratic  blocks,  but  in 
an  irregular  line.  No  erratic  blocks  of  northern  origin  have  been 
seen  for  a  considerable  distance  westward  of  the  Ural  Mountains. 

There  is  a  feature  in  the  character  of  this  superficial  covering  of 
detritus  which  is  very  important  to  attend  to  in  tracing  its  hbtory, 
viz.  that  the  materials  are  not  always  the  same ;  that  the  principal 
mass  in  each  district  is  of  local  origin,  and  very  clearly  bespeaks  its 
derivation  to  be  in  the  subjacent  rocks ;  and  that  the  great  northern 

*  Comptes  RendoB,  Janvier  1842.         f  Mi^  accompanylDg  *  Geobgy  of  Russia.' 
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drift  is  distributed  in  the  form  of  long  sand-banksy^'^ratn^/'or  "osor^" 
M  they  are  called  in  Sweden,  often  of  great  length  and  breadthi  and 
rifling  sometimes  more  than  100  feet  above  the  depressions  between 
them,  whioh  last  are  occasionally  of  great  width.  These  trainees 
are  ofien  composed  of  finely  laminated  sand  and  day,  containing 
•hells  identical  in  species  with  those  now  living  in  the  Baltic  or  in 
the  northern  seas ;  they  traverse^  from  the  shores  of  the  Baltic,  the 
Silurian,  Devonian,  and  carboniferous  regions  in  succession,  de« 
riving  new  materials  from  each  zone  of  rocks  crossed,  but  always 
indicating  a  southerly  direction  of  the  drift,  the  Devonian  detritus 
never  being  found  in  the  Silurian  lone,  nor  the  carboniferous  in  the 
Devonian  Eone* 

Mr.  Forchhammer  describes  the  boulder  fortnation  of  Denmark 
as  being  of  difierent  ages.  The  oldest  which  affords  any  distinct 
evidence  to  mark  its  age  consists  of  a  congeries  of  clays,  marls,  and 
sands,  which  have  been  traced  to  a  depth  of  several  hundred  feet^ 
and  contain  boulders  throughout  the  entire  mass,  extending  to  the 
deepest  part  of  the  series.  The  boulders,  sometimes  several  hundred 
eubio  feet  in  size,  are  of  granite,  gneiss,  porphyry,  greenstone,  and 
quartz  rock,  and  also  of  transition  (Silurian)  sedimentaty  rocks; 
none  of  these  occurring  nearer  than  Norway  and  Sweden.  Besides 
these  travelled  blocks,  there  are  many  parts  of  the  formation  com- 
posed of  chalk,  identical  with  rocks  upon  or  near  to  which  the 
tx>ulder  formation  occurs.  In  the  duchy  of  Sehleswig,  this  boulder 
formation  aitemaies  with  beds  of  Brown  Coal,  a  deposit  which  ex* 
tends  over  the  greater  part  of  Denmark,  and  which,  besides  brown 
coal,  (iolisbts  of  clays,  limestones  and  sandstones,  containing  fossils 
that  iti  the  opinion  of  Mr.  Forchhammer  mark  it  to  be  identical 
with  the  sub-Apennine  group.  The  causes  Which  produced  this 
boulder  fohnation,  in  part  at  least,  were  therefore  in  operation  as 
e^rly  as  the  Miocene  tertiary  period  (if,  as  some  maintain,  the  siib« 
Apennines  are  of  that  age),  during  which  the  sea,  overspread  at  its 
bottom  by  this  detritus,  was  inhabited  by  Mediterranean  speeies* 
There  is  clear  evidence  in  the  woirks  of  the  authors  I  have  quoted, 
of  the  operation  of  the  same  causes  long  afler  the  northern  seas 
were  inhabited  by  existing  species ;  and  throughout  the  whole  of 
this  period,  how  long  We  have  no  means  of  determining,  all  the 
land  in  Northern  Europe  overspread  by  the  boulder  formation  must 
lutve  been  under  the  sea.  Thus  the  authors  of  the  '  Geology  of 
Russia '  describe  the  deposit  of  recent  shells  in  the  valley  of  the 
Dwina,  150  itiiles  inland  from  Archangel,  as  covered  by  sand  aud 
gravelf  which,  they  stiy,  they  would  have  great  difficulty  in  sepa» 
rating  from  the  superficial  northern  drift ;  and  they  add|  that  '*  a 
decent  excursion  through  Sweden  has  convinced  them  that  in  the 
neighbourhood  of  Upsala,  marine  post»pliocene  deposits,  containing 
tiie  Teilina  BaUica^  are  there  covered  by  coarse  gravel  and  large 
erratic  blocks,  as  stated  by  Mr.  Lyell.'* 

The  ingenious  and  ardent  naturalists  of  Switserland*  who  have 
held  that  the  boulder  formations  of  Northern  Europe  were  produced 
bjr  sub-aerial  glaoiersi  never  could  haveadvaaced  so  emtravagant  a 
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theory  had  thej  visited  that  region  and  been  even  moderately  ao- 
i)tiaioted  with  the  facts  above  stated,  and  others  which  as  indis- 
putably prove  a  submarine  origin.  But  there  is  every  reason  to 
aonelade  that  glaciers  in  high  lands  in  Scandinavia,  Finland  and 
Lapland,  in  very  remote  times,  had  much  to  do  m  ith  the  origin  of 
Me  erraiie  blocks,  in  separating  them  from  their  parent  rocks  and 
transporting  them  to  the  coast*  Sir  R.  Murchison  informs  us  that 
he  was  assured  by  Dr.  Worth)  a  distinguished  mineralogist  of  SU 
Petersburg,  that  after  a  careful  examination  of  the  numerous  blocks 
soaltered  around  that  capital,  there  was  not  among  them  a  single 
eiample  which  could  not  be  paralleled  with  its  parent  rock  in  Fid* 
land.  Speaking  of  the  observations  of  himself  and  his  companions^ 
he  states  that  near  Jurievitz  on  the  Volga,  they  found  erratic  blocks 
of  a  quartz  rock  associated  with  others  of  a  trap  breccia  peculiar  to 
the  north-western  side  of  Lake  Onega^  aifording  clear  evidence  that 
they  had  been  transported  in  a  south-eastern  direction,  500  miles 
from  their  parent  rocks. 

If  the  blocks  were  encased  in  and  transported  by  icebergs,  they 
would  be  accumulated  chiefly  on  the  ridges  and  higher  parts  of  the 
sea-bottomi  by  which  the  progress  of  the  icebergs  would  be  arrested^ 
and  where  the  icebergs  would  be  iixed  until  they  gradually  melted^ 
leaving  their  stony  cargo  on  the  spot.  Such  we  tind  to  be  the  fact« 
The  great  accumulations  of  the  blocks  are  not  in  the  valleys^  but  on 
the  high  grounds.  The  summits  of  the  cliffs  on  the  south  shores  of 
the  Oulf  of  Finland,  at  an  elevation  of  150  feet  above  the  sea,  are 
eovered  with  angular  blocks  of  the  granite,  gneiss  and  porphyry  of 
Finland ;  they  are  found  on  the  hills  adjoining  Lake  Onega,  at  ele* 
vatiods  from  400  to  600  feet  above  the  lake ;  the  Valdai  Hills,  Which 
are  in  sodie  places  1000  feet  above  the  level  of  the  Baltic^  hare 
arrested  large  quantities  of  blocks  from  Finland^  which  are  pro* 
Aisely  spread  over  their  southern  slopes^  In  the  sandy  plains  eaal 
bf  Posehj  not  a  block  is  to  be  seen  for  several  miles,  until  the  ele« 
TRtiods  towards  the  Polish  frontier  are  reached^  and  they  again  be« 
eome  trnmeKius.  In  the  sandy  plain  the  blocks  are  usually  small^ 
but  dn  the  hills  between  Konin  and  Kolo^  vast  numbers  of  large 
blocks  are  buried  in  and  mixed  with  sand  at  heights  of  dOO  or  44X) 
feet  above  the  sea. 

A  very  important  circumstance  in  the  history  of  these  erratic 
blocks  is  pointed  out  by  the  authors  of  the  *  Geology  of  Russia,'  via« 
that  they  have  not  travelled  from  north  to  south  only,  but  in  all  dU 
feetions  from  certain  centres  in  Scandinavia  and  Lapland.  In  Den- 
mark they  have  come  from  north  by  east ;  in  most  parts  of  Prussia 
almost  direct  fVom  north ;  opposite  the  coasts  of  Finnish  Laplandi 
trhere  the  granitic  and  other  crystalline  boundary  sweeps  round  to 
the  north-east,  the  direction  of  the  blocks  changes  accordinglyi 
Near  Nijni  Novgorod  they  must  have  travelled  from  north-west  to 
south-east ;  and  in  the  Government  of  Vologda  they  have  nearly  an 
eastern  course.  By  the  observations  of  Bohtlingk  we  learn  that  the 
efratic  bldcks  of  Scandinavia  have  been  shed  off  from  the  coast  of 
KettU  into  the  bay  of  Onega,  and  from  Russian  Laphiid  iolo  thi 
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Icy  Sea,  in  north-eastern,  northern,  and  north-western  directions; 
and  Norwegian  detritus  has  been  transported  westward  to  the  coasts 
of  Norfolk  and  Yorkshire. 

Russia  in  Europe,  from  the  nature  of  its  surface,  cannot  be  sup- 
posed to  afibrd  many  proofs  of  furrows  grooves,  and  striae  on  hard 
rocks;  but  on  Lake  Onega  a  hard  greenstone  and  siliceous  breccia 
are  rounded  off,  grooved  and  striated  on  the  northern  face  of  a  small 
promontory,  the  direction  of  the  grooves  and  striee  being  north  and 
south,  and  the  striae  are  to  be  seen,  through  the  transparency  of  the 
water,  eight  feet  below  its  surface ;  they  are  also  to  be  traced  near 
the  summit  of  a  low  hill.  On  the  south  side  of  that  hill,  however, 
no  such  traces  of  wearing  or  friction  can  be  seen,  "  and  thus,"  the 
authors  say,  ^*  we  had  before  us,  on  the  edges  of  Russian  Lapland, 
the  very  phaenomenon  so  extensively  observed  by  Sefstrom  over 
Sweden,  viz.  a  rounded,  worn,  and  striated  surface  of  the  northern 
•ides  of  promontories,  whose  southern  faces  are  natural  and  unaf- 
fected by  any  mechanical  agency." 

M.  Durocher  visited  the  coasts  of  Sweden  and  Norway,  in  the 
neighbourhood  of  Christiania,  last  year,  and  discovered  there  many 
most  remarkable  instances  of  these  furrows  and  striae,  detailed  ac- 
counts of  which  he  has  given  in  the  paper  read  before  the  Geologi- 
cal Society  of  France,  in  December,  which  I  have  already  alluded 
to.  He  indeed  describes  effects  of  erosion  on  a  much  greater  scale 
than  I  remember  to  have  read  of  before ;  furrows  so  deep,  that  chan- 
nels are  a  more  appropriate  term ;  as  he  himself  has  thought,  for  he 
calb  them  canaux.  Both  on  the  east  and  west  coasts  of  the  bay  at 
the  head  of  which  Christiania  is  situated,  from  Gothenborg  on  the 
Swedish  shore,  and  from  Arendal,  on  the  Norwegian,  to  Christiania, 
distances  of  160  and  170  miles  respectively,  and  especially  among 
the  islands  that  skirt  the  Nonivegian  coast,  he  observed  the  rocks 
worn  into  deep  channels  and  furrows,  or  striated,  in  directions  from 
north-west  to  south-east,  and  having  their  surfaces  rounded  and 
polished.  These  channels  or  furrows  are  of  various  dimensions; 
tome  from  twenty-five  to  fifty  centimetres  (ten  to  twenty  inches)  in 
width,  with  a  depth  of  from  one  and  a  half  to  two  and  three  metres 
(five  to  ten  feet).  In  a  great  number  of  instances  the  sides  of  the 
interior  of  these  channeb  are  grooved  and  striated  in  the  direction 
of  their  longer  axis.  Sometimes  they  divide  into  two  or  more 
branches,  which  afterwards  reunite  into  one.  Many  are  rectilinear, 
but  many  are  undulating,  and  bent  in  short  waves.  The  axes  of 
the  channels  and  the  striae  in  their  interior  have  the  same  general 
direction  as  the  depressions  of  the  neighbouring  country.  The 
north-western  extremity  of  these  channels,  that  is,  the  openings 
made  where  the  eroding  instrument  entered,  are  somewhat  wider 
than  the  rest  of  the  channel,  and  are  rounded  off,  polished,  and 
striated. 

Another  very  curious,  and,  as  far  as  I  know,  a  new  class  of  facts 
has  been  described  by  M.  Durocher.  These  furrows,  he  states,  are 
frequently  met  with  m  horizontal  lines  on  the  under  side  of  over* 
hamging  TfKks^fixA  he  has  met  with  instances  of  this  description 
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along  the  Norwegian  coast  to  beyond  Drontheim,  a  distance  from 
Gothenborg  of  more  than  500  miles.  One  remarkable  case  he  gives, 
that  occurs  to  the  north  of  Drontheim,  where  the  furrows  are  cut 
horizontally  in  a  pudding-stone  rock  of  pebbles  of  granite  and 
quartz,  the  hardest  of  which  are  cut  through  as  clean  as  the  softer 
argillaceous  cement.  The  eroding  tool  has  acted  to  the  length  of 
forty-five  metres  (about  fifty  yards),  on  a  surface  inclined  from  45® 
to  5(fy  and  with  a  breadth  of  from  four  to  five  metres  (thirteen  to 
nxteen  feet).  But  my  limits  oblige  me  to  refer  you  to  the  memoir 
itself,  and  to  the  report  of  the  discussion  to  which  it  gave  rise,  for 
many  most  interesting  facts,  and  some  important  views  as  to  the 
causes  of  these  remarkable  pheenomena*.  For  the  same  reason  I 
can  only  very  briefly  allude  to  the  descriptions  contained  in  several 
parts  of  Mr.  Lyell's  *  Travels,*  of  the  boulder  formation,  the  erratic 
blocks,  and  the  furrowed  surfaces  that  are  met  with  over  a  great 
part  of  the  northern  regions  of  North  America,  presenting  many 
features  identical  with  those  of  Northern  Europe. 

In  Europe  the  boulder  formation  has  not  been  traced  farther 
south  than  52°  north  latitude,  but  a  similar  kind  of  detritus, 
sand,  clay,  gravel,  and  rounded  blocks  of  great  size,  cover  a  con- 
siderable extent  of  country  in  the  neighbourhood  of  Boston,  which 
is  ten  degrees  farther  south,  or  about  the  latitude  of  Valencia  in 
Spain.  It  is  not  found  within  the  range  of  the  Alleghany  Moun- 
tains ;  but  blocks  a^ain  appear  on  their  western  side,  near  the  Ohio 
river,  in  latitude  40  ,  and  some  scattered  blocks  have  reached  Ken- 
tucky, the  northern  boundary  of  that  state,  in  latitude  38^°.  How 
far  a  boulder  formation,  erratic  bloclLS  and  furrowed  rocks  extend 
beyond  the  valley  of  the  St.  Lawrence,  we  have  yet  to  learn;  but  the 
scanty  information  we  do  possess  leads  us  to  infer  that  they  exist  on 
the  shore  of  the  Arctic  Sea. 

Near  Boston  the  boulder  formation  has  been  pierced  to  a  depth 
of  more  than  200  feet  without  the  solid  rock  having  been  reached ; 
and  although  mainly  composed  of  the  materials  of  neighbouring 
rocks,  huge  rounded  blocks  brought  from  a  great  distance  rest  upon 
them  or  are  buried  in  them.  Here,  as  in  Russia  and  Denmark,  we 
have  a  boulder  formation  composed  of  materials  that  have  not  been 
far-travelled,  intermixed,  in  some  degree,  with,  but  more  frequently 
covered  by  that  of  northern  origin.  An  instance  of  this  last  ocean 
at  Brooklyn,  near  New  York. 

In  the  United  States,  Canada,  and  Nova  Scotia,  where  the  gravel 
or  drifl  has  been  removed,  the  rock  immediately  subjacent  is  very 
frequently  furrowed  and  striated,  and  here  and  there  flattened  domes 
of  smoothed  rock  (roches  moutonnies)  are  met  with.  The  furrows 
have  been  found  in  the  New  England  Hills  at  all  heights,  even  to 
as  much  as  2000  feet.  In  one  place,  on  the  summit  of  a  high  hill 
of  sandstone,  Mr.  Lyell  saw  an  erratic  block  of  greenstone  100  feet 
in  circumference.  The  erratic  blocks  and  boulder  formation  have 
been  transported  southwards  along  the  same  lines  as  are  marked  out 

*  Bulletin  de  la  Soc.  G^L  de  France,  tome  iii.  p.  65. 
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by  the  direction  of  the  furrows :  in  New  England  from  N.N.W.  to 
S.S.E. ;  in  the  valley  of  the  St  Lawrence  from  north-eaat  to  sooth* 
west. 

With  regard  to  evidence  of  the  age  of  the  boulder  formation  of 
North  America,  I  am  not  aware  of  any  having  been  met  with  that 
connects  it  with  a  period  so  early  as  in  Denmark ;  it  contains  in 
many  places  shells  identical  in  species  with  those  now  living  in  the 
adjoining  seas.  The  detritus  in  which  the  bones  of  Mastodon  are 
buried  at  Big-Bone-Lick,  in  Kentucky,  Mr.  Lyeli  is  inclined  to  be* 
lieve  to  be  more  modern  than  the  northern  drift. 

In  the  last  number  of  the  *  Edinburgh  Philosophioul  Journal'  are 
two  valuable  papers  relating  to  erratic  blocks,  grooved  surfaces,  and 
the  action  of  glaciers ;  the  one  by  Mr.  Maclaren,  to  which  I  have 
already  referred,  the  other  by  Professor  James  D.  Forbes.  The 
paper  of  Mr.  Maclaren  describes  grooves  and  strias  which  he  ob> 
served  last  summer  on  the  rocks  on  each  side  of  the  Gare  Loch,  iq 
Dumbartonshire, and  these,  together  with  blocks  and  an  accumuladon 
of  loose  materials  resembling  a  terminal  moraine,  appear  to  indicate 
very  clearly  the  former  existence  of  a  glacier  in  the  space  inclosed 
between  the  hiU^  that  bound  the  loch.  He  also  observed  numerous 
rounded  blocks  in  the  same  locality,  which  could  not  have  been  pro« 
duced  by  the  same  glacier,  for  they  consist  of  granite,  some  of  great 
size,  as  much  as  five  feet  in  diameter,  at  various  heights  on  the  hilliH^ 
one  on  the  top  of  a  hillock,  320  feet  above  the  loch ;  and  no  granite, 
no  parent-rock  to  which  they  can  be  traced  is  nearer  than  forty 
miles  to  the  north.  But  between  the  localities  where  they  now  exist 
and  that  parent-rock  there  are  ridges,  over  which  they  must  have 
travelled,  that  are  1 500  feet  above  the  present  Hca-level.  This  then 
is  a  case  analogous  to  that  of  the  Valdai  Hills  in  Russia,  on  the 
southern  flanks  of  which  blocks  of  Scandinavian  granite  are  teat* 
tered,  indicating  that  these  hills,  and  in  like  manner  the  summits  of 
the  barrier  north  of  Gare  Loch,  were  a  sea-bottom,  upon  whieh  the 
bloeks  were  dropped  from  floating  icebergs ;  that  sea-bottom  being 
subsequently  raised,  to  form  the  existing  land. 

The  principal  object  of  Professor  Forbes's  paper  is  to  describe 
the  topography  and  geological  structure  of  the  CuchuUin  Hills  in 
8kye.  He  gives  us  much  new  and  interesting  information  respecting 
the  igneous  rocks,  of  which  they  are  composed,  particularly  that 
comparatively  rare  variety,  hypersthene  rock  :  but  he  also  describes 
these  same  rocks  as  being  furrowed  and  polished  in  several  of  the 
valleys,  but  eiipecially  in  the  valley  of  Coruisk,  the  furrows  there 
radiating  from  a  centre  to  the  sea-shore,  and,  in  his  opinion,  they 
demonstrate  in  as  clear  a  manner  as  the  subject  admits  of,  the  for. 
mer  eiistence  of  a  glacier  in  that  locality.  All  will  admit  that  the 
opinion  of  Professor  Forbes  on  this  subject  is  one  in  which  we  may 
place  entire  confidence.  The  hypersthene  rocks  "  are  smoothed  and 
•haven  in  a  direction  parallel  to  the  length  of  the  valley  wherever 
their  prominent  parts  are  presented  towards  the  head  of  the  valley ; 
but  towards  the  sea,  they  are  often  abruptly  terminated  by  craggy 
surfaces,  showing  the  usual  niggedoess  of  the  natural  fracture  of 
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the  roek,  and  exhibiting  the  phaBnonienon  of  Sto88  Seiie  and  Zm 
SiUe,  so  often  described  in  the  Scandinavian  rocks." 

"  When  the  same  rock  is  traversed  by  claystone  veins,  or  by  veins 
of  crystallized  hypersthene  and  magnetic  iron,  these  various  parts  of 
saeh  different  hardness  are  all  uniformly  shaven  over,  in  oonformity 
with  the  general  form  of  the  masi  to  which  they  belong.  This 
presents  a  striking  analogy  to  the  pheenomena  of  polished  rocks  in 
the  Alps,  where  the  quartz  veins  are  cut  off  parallel  to  the  surfaoe 

of  the  bounding  felspar The  furrows  are  not  confined  to  the 

entrance  of  the  valley,  but  extend  to  the  upper  part  of  it,  and  to  a 
mat  height  above  its  level,  particularly  on  the  west  side,  where  the 
noes  of  these  almost  vertical  cliffs  of  adamantine  hardness  are  scored 
horizontally,  as  potter's  clay  might  be  by  the  pressure  of  the  flngersi 
or  like  the  moulding  of  a  cornice  by  the  plasterer's  tool." 

The  question  naturally  arises,  at  what  period  were  these  valleys 
in  Dumbartonshire  and  in  Skye  occupied  by  glaciers  ?  That  they 
were  so  after  the  land  had  been  formed  into  the  present  mountains 
and  valleys  is  obvious ;  but  that  defines  no  particular  period.  We 
have  in  the  Gare  Loch  two  distinct  classes  of  phasnomena,  whioh 
eonld  not  have  been  produced  either  by  the  same  agents  or  at  the 
same  time.  We  have  proof  of  the  action  of  sub-aerial  glaciers  {  we 
have  also  proof  that  there  are  erratic  blocks  that  could  not  have 
been  brought  into  their  present  position  unless  the  ground  on  which 
they  rest  had  been  submerged  :  they  were  dropped,  it  is  most  rea« 
ionable  to  suppose,  from  icebergs  floating  in  a  sea,  and  arrested  by 
elevations  in  the  sea'-bottom.  During  such  submergence  there 
eouid  be  no  glaciers  in  the  valleys  of  Gare  Loch  or  Coruisk.  Are 
we  to  suppose  that  after  these  valleys  had  been  occupied  by  a  gla* 
eier,  and  the  erosions  had  been  made,  the  land  sank  down,  conti- 
nued for  a  long[  interval  as  a  sea-bottom,  during  whioh  time  the 
glaciers  melted  away,  and  that  the  land  again  emerged,  bearing  the 
erratic  blocks  upon  it  ?  The  subject  is  one  of  vast  difficulty  ;  but 
the  phasnomena  evidently  involve  great  changes  in  the  condition  of 
the  land,  and  consequently,  perhaps,  in  the  climate  of  that  region. 

It  is  an  important  feature  in  the  history  of  the  boulder  formation, 
that  the  mode  of  its  accumulation,  and  the  direction  of  the  ohannelsi 
furrows  and  striae  worn  in  the  rocks,  indicate  a  force  coming  from 
the  north  between  N.W.  and  N.E.  The  worn  and  polished  surfaces 
of  so  many  rocks  facing  the  north,  while  their  rugged  unworn  sup* 
faces  point  to  the  opposite  direction,  are  farther  proofs  of  the  same 
movement.  The  travelled  rounded  boulders  and  detritus  from  the 
middle  of  Sweden  and  Norway  southward  must  therefore  have  been 
deri%'ed  from  land  existing  north  of  that  latitude. 

Submarine  currents  are  by  many  geologists  supposed  to  have 
been  the  moving  powder ;  and  it  is  also  said,  that  the  detrital  matter 
they  hurried  along  smoothed  and  polished  the  rocks  they  met  with 
in  their  progress,  and  graved  the  furrows  and  stries.  We  as  yet 
know  little  of  the  existence,  at  great  depths,  of  submarine  currentfi^ 
or  of  their  power  of  transporting  heavy  materials.  Sir  R.  Murchi- 
son,  referring  to  the  generation  and  power  of  what  Mr.  Scott  Rus- 
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sell  calls  a  wave  of  the  first  order,  or  "  the  wave  of  translation,** 
and  to  the  application  of  Mr.  RusselFs  researches  and  theory  bj  Mr. 
Hopkins,  in  bis  paper  **  On  the  Elevation  and  Denudation  of  the 
district  of  the  Lakes  of  Cumberland  and  Westmoreland*,"  considers 
that  all  the  phsBnomenaof  the  boulder  formation  and  drift  of  North- 
em  Europe  (not  including  the  erratic  blocks)  may  be  accounted 
for  by  the  action  of  such  waves.  But  a  sudden  paroxysmal  move- 
ment of  the  bed  of  the  sea  is  a  necessary  condition  for  the  produc- 
tion of  a  wave  of  translation.  Mr.  Hopkins  says,  *'  If  the  elevation 
were  sufficiently  gradual,  no  sensible  wave  would  result  from  it ; 
but  if  it  were  sudden,  the  surface  of  the  water  above  the  uplifted 
area  would  be  elevated  very  nearly  as  much  as  the  area  itself,  and 
a  diverging  wave  would  be  the  consequence ;"  and  that  **  there  is 
no  difficulty  in  accounting  for  a  current  of  twenty-five  or  thirty 
miles  an  hour,  if  we  allow  of  paroxysmcU  elevations  of  from  100  to 
200  feet ;"  and  he  adds,  that  '*  if  the  extent  of  country  be  consider- 
able, the  elevation  might  occupy  several  minutes,  and  still  produce 
the  great  wave  above  described.**  It  is  to  be  observed  that  the  wave 
would  be  diverging,  and  therefore  the  currents  would  not  be  limited 
to  one  direction.  But  however  great  the  power  of  transport  of  the 
sudden  wave  might  be,  its  action  would  be  transient,  and  we  must 
therefore  suppose,  either  that  the  whole  phenomena  were  produced 
by  one  sudden  elevation,  or  that  there  was  a  succession  of  paroxysms. 
Whether  such  sudden  violent  transport,  such  tumultuous  hurrying- 
along  of  the  blocks,  gravel  and  sand,  be  consistent  with  the  forms 
and  arrangements  of  the  detrital  matter,  the  long  "  train^s,'*  **  the 
widely  spread  and  finely  laminated  sands,**  and  the  included  fragile 
shells,  can  only  be  determined  by  special  observations  directed  to 
such  an  inquiry.  It  does  not  appear  at  all  consistent  with  the  for- 
mation of  the  detritus  of  local  origin,  that  which  constitutes  so  great 
a  part  of  the  boulder  formation  over  the  whole  northern  region, 
and  which  seems  to  indicate  a  long-continued  action  over  the  same 
ground.  We  ought,  besides,  to  have  some  independent  evidence  of 
paroxysmal  action  in  the  same  region ;  whereas  there  is  the  strongest 
proof  of  gradual  upheavab :  take,  for  example,  the  whole  continent 
of  European  Russia,  which  exhibits  scarcely  any  disruption,  and 
which,  Sir  K.  Murchison  is  of  opinion,  was  elevated  en  masse. 

But  we  must  go  further  back  in  our  inquiry ;  before  the  wave  of 
translation  was  generated.  Whence  the  detrital  matter  which  the 
wave  transported  ?  Are  we  to  suppose  that  the  same  paroxysmal 
movement  broke  up  and  shattered  to  fragments  the  bottom  of  the 
sea,  and  that  it  was  these  fragments  which  the  transient  wave  trans- 
ported and  rounded  into  boulders  ?  Or  is  it  more  reasonable  to  sup- 
pose, that  the  materials  of  the  detritus  must  have  been  derived  from 
pre-existent  land,  the  rocks  of  which  were  broken  by  glacial  and 
atmospheric  action,  as  rocks  now  are,  to  be  afterwards  rolled, 
rounded  and  polished  by  currents  of  water ;  as  they  unquestionably 
must  have  been,  however  the  currents  may  have  been  produced? 

*  Froc.  GeoL  Soc  vol.  iiL  p.  757. 
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Then  as  to  the  power  of  such  currents,  transporting  hard  bodies,  to 
produce  the  furrows  and  striae,  I  should  be  disposed  to  refer  to  the 
ph^ticien,  to  him  conversant  with  the  laws  of  mechanical  philosophy, 
the  questions  whether  rounded  blocks  and  gravel,  moving  in  wajter^ 
paasiog  over  rocks,  would  be  capable  of  producing  on  them  these 
deep  furrows  and  striae ;  or  whether  it  is  not  more  probable  that 
they  were  worn  by  angular  fragments  of  rock  held  fast  in  ice,  and 
pressed,  as  the  current  floated  the  iceberg,  against  the  opposing 
lock,  with  a  vast  force  derived  from  the  weight  of  the  mass  ? 

We  learn  from  the  *  Magazine  of  Natural  History'  of  last  Sep- 
tember, that  letters  had  been  received  the  preceding  month  from 
Mr.  Harry  Goodsir,  attached,  as  Naturalist,  to  the  Arctic  Expedi- 
tion under  the  command  of  Sir  John  Franklin,  dated  from  Di:jico  in 
Baffin's  Bay  the  7th  of  July  last ;  and  it  is  stated  that "  Mr.  Goodsir 
is  making  minute  observations  upon  the  ice  of  the  bergs,  and  as  he 
purposes  continuing  them  throughout  the  voyage,  there  can  be  little 
doubt  of  his  arriving  at  valuable  conclusions."  It  is  added,  **  We 
also  find  some  observations  upon  the  action  of  floating  ice  upon  the 
granitic  shores  of  the  islands.  AU  the  rocks  below  high-water  markf 
and  some  considerably  above  ii,  are  rounded  off  into  long  irregular 
ridges  with  intervening  hollows  by  the  half -floating  masses  ofieer 

Paljeontology. 

This  great  department  of  Geology  is  now  cultivated  with  so  much 
industry  by  so  many  naturalists  in  Europe  and  America,  that 
scarcely  a  month  elapses  without  some  valuable  additions  to  our 
knowledge.  It  is  not  possible  for  me  to  do  more  than  briefly  refer 
to  some  of  the  more  important  of  those  which  I  have  had  an  oppor- 
tanity  of  becoming  acquainted  with. 

At  the  last  Meeting  of  the  British  Association  at  Cambridge, 
Professor  Edward  Forbes  made  an  interesting  and  important  com- 
munication to  the  Natural  History  Section,  in  which  he  pointed  out 
a  connexion  of  the  present  distribution  of  plants  with  geological 
changes  which  took  place  during  the  later  tertiai^  periods.  He 
maintains,  for  example,  that  the  existing  flora  of  Britain  belongs, 
not  to  the  present  epoch  only,  but  is  composed  in  part  of  the  re- 
mains of  the  floras  of  the  pliocene  and  post-pliocene  periods.  He 
considers  that  certain  peculiarities  of  the  vegetation  of  the  west  of 
IreWhd  depend  on  an  ancient  geological  connexion  with  the  Astu* 
rias ;  those  of  the  Scottish  and  Welsh  mountains  on  the  migration 
of  plants  from  Scandinavia  during  the  glacial  period,  and  the  sub- 
sequent upheaval  of  the  land,  and  consequent  change  of  climate ; 
whilst  the  great  mass  of  the  British  flora  migrated  across  the  up- 
heaved bed  of  the  Pleistocene  sea.  He  further  holds,  that  the  deter- 
mination of  the  date  of  the  migrations  of  terrestrial  plants  and  ani- 
mals will  eventually  aid  in  fixing  the  periods  of  many  geological 
events. 

In  the  year  1828,  M.  Elie  de  Beaumont  published  in  the  <  Annales 
des  Sciences  Naturelles'  an  account  of  some  observations  be  had 
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recentlj  made  at  Petit-Coeur,  a  village  in  the  Tarentaiie,  eart  of 
Chamberj ;  where  he  had  teen  resting  on  talcoae  gneiss  and  horn- 
blende schist,  a  series  of  sedimentary  beds,  which  prevail  over  a 
great  extent  of  that  country,  the  lowest  of  which,  a  micaceous  sand- 
stone alternating  with  a  black  slaty  rock,  Is  surmounted  by  a  bed  of 
fissile  argillaceous  limestone  containing  Belemnites,  and  this  last 
passes  insensibly  into  a  black  sUty  clay  containing  impressions  of 
plants  identical  in  species  with  some  of  those  belonging  to  the  true 
coal  fonnation.  M.  de  Beaumont  concludes  his  detailed  descripti<Mi 
in  these  words : — "  II  me  parait  done  incontestable  que  le  systdme  de 
couches  qui,  &  Petit-Cceur,  contient  les  Belemnites  et  les  impres- 
sions v6g6tales,  et  qui  s'enfonce  sous  toutes  les  autres  couches  non- 
primitives  de  cette  partie  des  Alpes,  appartieni  a  iafanmaHon  du 
Moj.**  The  plants  were  carefully  examined  by  M.  Adolphe  Bron- 
gniart,  and  in  an  accompanying  memoir  descriptive  of  them  he  states, 
**  que  Tidentit^  la  plus  parfaite  existe  entre  ces  plantes  et  celles 
du  terrain  houiller,  tandis  qu'il  n'y  a  aucun  rapport  entre  elles  et 
oelles  qui  se  trouvent  habituellement  dans  le  lias,  ou  dans  les  ter- 
rains oolitiques."  He  enumerates  among  others  of  Petit-Coeur, 
Neuropieris tmuijblia^  found  at  Liege  and  Newcastle;  wadPecopieris 
polymorphaj  one  of  the  most  common  in  the  coal-fields  of  France. 

At  the  meeting  of  the  Geological  Society  of  France  at  Chambery 
in  autumn  1844,  an  account  of  which  we  have  received  since  our 
last  Anniversary*,  the  attention  of  the  members  was  directed  to 
this  most  remarkable  fact,  in  a  memoir  by  M.  Rozet ;  and  after- 
wards, several  who  attended  the  meeting  visited  Petit-Coeur.  The 
observations  of  M.  Elie  de  Beaumont  and  M.  Adolphe  Brongniart 
were  confirmed  in  every  particular ;  they  found  abundance  of  the 
v^etable  remains,  and  of  Belemnites  below  them.  The  report 
farther  states: — '*  11  a  6t6  Evident  aussi,  pour  tous  les  membres  de 
laSoci^t6,  que  Ton  ne  pent  aucunement  admettre  Texplication  d'un 
plissement  qui  aurait  rapproch6  les  fossiles  de  deux  formations  et 
produit  une  alternance  apparente  entre  les  couches  k  Belemnites  et 
les  couches  k  empreintes.  Ce  sont  les  m^mes  schistes  et  la  meme 
formation  qui  renferment  ces  deux  genres  de  fossiles  que  Ton  avait 
oru  pendant  longtemps  appartenir  k  des  6poques  geologiques  tres 
^loign^  Tune  de  Tautre."  M.  Sismonda,  who  was  present,  stated, 
that  in  another  locality  he  had  found  Ammonites  in  a  prolongation 
of  the  same  bed ;  and  in  reply  to  M.  Agassiz,  also  present,  affirmed, 
that  he  had  found  this  bed  containing  Belemnites  and  coal-plants 
over  an  extent  of  from  twenty-five  to  thirty  leagues.  We  have  thus 
the  same  species  of  plants  continuing  to  exbt  throughout  the  whole 
Carboniferous,  Permian  and  Triassic  periods,  and  into  that  of  the 
lower  portion  of  the  oolite  age.  I  need  not  say  how  important  a 
bearing  this  remarkable  fact  has  on  the  theories  of  climate,  and  of 
the  prevalence  of  an  atmosphere  loaded  with  carbonic  acid  gas 
during  the  Carboniferous  period. 

M.  Adolphe  Brongniart,  in  his  memoir  above  cited,  thus  aceotints 
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for  the  anomalous  position  of  these  ooal  plants ;  "  A  I'dpoque  oik  la 
formation  du  lias  se  d^posait  en  Europe,  notre  globe  pr6sentait  tr^ 
probablement  deux  r6gions  trei-di verses  par  leur  cliroat  et  par  les 
T^g^ux  qui  y  croissaient.     L  une  comprenait  TEurope  et  peut- 
6tre  toute  la  zdne  temp^ree,  et  6tait  babit6e  par  des  v6g6taux  fort 
diff(§rens  de  ceux  qui  j  croissaient  a  une  6poque  plus  recul^e,  et 
qui  avaient  donn6  naissance  aux  couches  de  houille ;  Tautre  s'^ten- 
dant  sans  doute  sur  les  parties  plus  chaudes  du  globe,  6tait  encOfe 
couverte  des  monies  vlg6taux  qui,  dans  des  temps  plus  anciens, 
avaient  habit6  la  region  europ^enne,  et  form6  les  d6p6ts  houillers. 
Les  T6g6taux  de  cette  partie  du  globe  pouvant  dans  certaines  cir- 
oonstances,  dtre  transport^*  dans  les  regions  plus  temp6r6eiy  att- 
raient  donn6  lieu  k  ces  anomalies  apparentes  que  pr^sentent  las 
terrains  d'anthracite  des  Alpes  qui,  d'aprds  les  observations  g^olo- 
giques  et  zoolog^ques,  appartiennent  k  T^poque  de  formation  du 
Has,  et  dont  les  v^g^taux  sont  cependant  les  m^mes  que  ceux  du 
terndn  houiller/'     This  theory  therefore  admits  that  the  same  spe* 
des  of  plants  existed  through  the  whole  series  of  ages  that  passed 
from  the  time  of  the  deposition  of  the  carboniferous  series  to  that  of 
the  lias ;  that  they  and  Belemnites  were  co-existing,  but  in  different 
regions.     It  is  not  very  easy  to  conceive  how  such  delicate  vegetable 
bodies  should  be  drifted  the  vast  distance  between  a  tropical  and 
temperate  zone,  to  form  parts  of  thin  continuous  strata  thousands 
of  square  miles  in  extent,  in  successive  layers  of  great  thickness  on 
the  same  spot,  in  the  depths  of  the  sea. 

It  is  extremely  improbable  that  this  case  in  the  Tarentaise  is  A 
solitary  one ;  future  researches  will  probably  bring  to  light  other 
instances  of  a  similar  kind.  May  not  these  facts  be  an  extension  to 
plants  of  the  recently  advanced  doctrine  regarding  animalsi  that 
species  which  have  had  a  wide  range  in  space  have  also  had  a  long 
duration  in  time?  or  as  it  is  expressed  by  those  who  first  brought  it 
forward, — **  That  the  species  which  are  found  in  a  greater  number 
of  localities  and  in  very  distant  countries  are  almost  always  thosd 
irhieh  have  lived  during  the  formation  of  several  successive  systems*" 
The  attention  of  geologists,  I  believe,  was  first  directed  to  this  highly 
importAnt  observation  by  Viscount  d* Archiao  and  M.  de  Verneuii,  Ifl 
their  joint  paper  '*  On  the  Fossils  of  the  older  Deposits  of  the  Rhe* 
nish  Province?,"  read  before  this  Society  in  December  1841;  and  while 
these  distinguished  geologists  announced  the  law  as  applicable  to  tiie 
oldest  fossiliferous  beds.  Professor  Forbes  has  shown  the  extension 
of  it  to  existing  species.  He  found  *'  that  such  of  the  Mediterranean 
testacea  as  occur  both  in  the  existing  sea  and  in  the  neighbouring 
tertiaries,  were  such  as  had  the  power  of  living  in  several  of  the 
zones  in  depth,  or  else  had  a  wide  geographical  distribution,  fre* 
qnently  both.''  He  adds, ''  The  same  holds  true  of  the  tesUcea  in 
the  tertiary  strata  of  Great  Britain.  The  cause  is  obvious:  such 
species  as  had  the  widest  horizontal  and  vertical  ranges  in  space,  are 
exactly  such  as  would  live  longest  in  time,  since  they  would  be  much 
more  likely  to  be  independent  of  catastrophes  and  destroying  influ^ 
ences  than  such  as  had  a  more  limited  distribution*"  Now  we  knotr 
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that  the  same  species  of  plants  are  found  in  the  coal-fields  belong- 
ing to  the  palaeozoic 'Carboniferous  rocks  of  Europe  and  of  North 
America,  and  in  regions  with  differences  of  more  than  thirty  degrees 
of  latitude ;  and  therefore  thej  may  have  been  able  to  lire  through 
the  many  vicissitudes  of  condition  of  the  earth's  surface  that  must 
have  occurred  between  the  Carboniferous  and  Liassic  periods. 

The  plants  from  the  Permian  system  of  Russia,  collected  by  Sir  R. 
Murchison  and  his  fellow-travellers,  have  been  described  by  Mr. 
Morris,  and  further  illustrated  by  the  remarks  of  M.  Adolphe  Bron- 
gniart.  The  species  are  few,  not  exceeding  sixteen  in  number.  Three 
of  these — Neuropteris  tenuifolioy  Lepidodendron  elongaium  and  Ca- 
lamiies  Stickowit — are  pronounced  by  M.  Brongniart  to  be  identical 
with  plants  of  the  coal  formation.  The  remainder  are  peculiar  (as 
far  as  is  hitherto  known)  to  the  Permian  system.  All  the  genera 
are  common  to  this  and  to  the  carboniferous  series;  the  genera 
Odaniopteris,  Noeggerathia  and  Lepidodendron  had  been  hitherto 
supposed  peculiar  to  the  coal-measures.  Altogether,  the  Permian 
flora  is  evidently  much  more  similar  to  that  of  the  carboniferous  sy- 
stem than  to  any  other :  it  has  no  affinity  to  that  of  the  Grds  bigarr^, 
or  of  the  Jurassic  system. 

Mr.  Morris  has  likewise  described  the  fossil  plants  brought  by 
Count  Strzelecki  from  the  coal-fields  of  New  South  Wales  and  Van 
Diemen's  Land.  Unfortunately  the  materials  were  very  scanty,  the 
number  of  species  being  only  eight ;  and  it  is  singular,  that  of  this 
number  four  are  from  the  coal-field  of  New  South  Wales,  and  four 
from  that  of  Van  Diemen's  Land,  no  one  species  having  been  found 
common  to  the  two.  Both  these  Australian  coal-fields  are  very  re- 
markably distinguished  from  those  of  Europe  and  North  America 
by  the  entire  absence  of  SHgmaria,  SigillaruBj  Lepidodendrci^  and 
Calamites,  In  this  respect  they  agree  with  the  coal  formation  of 
Burdwan  in  Northern  India,  to  which  indeed  they  have  other  points 
of  striking  similarity  in  the  character  of  their  vegetable  remains. 
The  Ghsscpteris  Browtiiana  is  actually  common  to  the  coal  forma- 
tions of  New  South  Wales  and  of  India,  and  the  Pecopteris  awtroHs 
of  the  former  countir  comes  very  near  to  the  Indian  P.  Lindkgana, 
The  flora  of  the  coal-fields  of  Australia  has  likewise  a  striking  simi- 
larity to  that  of  our  Yorkshire  oolites.  Glossopteris  Browniana  is 
nearly  allied  to  Ghs.  PhilUpsii,  Pecopteris  australis  to  P.  WkU- 
biensisy  and  Pecopteris  alata  to  P.  Murrayana.  It  is  possible  that 
the  coal  of  Australia  and  of  Northern  India  may  really  belong  to 
the  Jurassic  system. 

In  the  *  Geology  of  Russia,'  a  work  I  have  already  so  often  re- 
ferred to,  there  is  an  immense  mass  of  valuable  contributions  to  pa- 
laeontology, by  different  distinguished  naturalists.  The  following 
are  the  parts  which  relate  to  the  Invertebrata : — 

1.  A  very  elaborate  and  important  essay  by  Mr.  Lonsdale  on  the 
palseozoic  Conds  of  Russia,  abounding  in  minute  details  of  structure, 
deserving  the  attention  of  every  one  engaged  in  the  study  of  that 
class  of  organic  bodies. 
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%  A  full  synopsis  of  the  palaeozoic  Radiata,  Articulata  and  M ol« 
lusca,  by  M .  de  Verneuil.  The  species  are  all  admirably  described, 
and  full  details  of  great  interest  are  given  respecting  their  affinities, 
synonyms,  and  distribution.  A  great  number  of  new  and  curious 
forms  are  made  known  for  the  first  time.  In  that  part  which  treats 
of  the  Brachiopoda,  M.  de  Verneuil  has  given  the  results  of  a  critical 
investigation  of  the  genera,  accompanied  by  tables  of  characters  of 
the  greatest  value.  He  has  constituted  a  new  genus,  Siphonetreta^ 
for  the  reception  of  certain  very  curious  fossils,  which,  while  pre- 
senting much  of  the  form  of  TerebratukSf  are  really  allied  to  Orm 
IncuUB^  and  have  the  same  corneous  texture  of  shell.  Among  the 
palaeozoic  Acephalay  he  has  described  a  well-marked  species  of 
AstreOj  a  genus  hitherto  having  only  doubtful  claims  to  such  high 
antiquity.  Among  the  Gasteropoda,  lanthina  for  the  first  time  ap- 
pears as  a  palaeozoic  genus. 

In  the  account  of  the  Radiata  are  interesting  descriptions  and 
comments  on  the  Russian  species  cf  Cystidece,  Among  the  Artieu-' 
kUa  is  the  genus  Ftistdina,  a  foraminiferous  animal  abounding  in 
certain  beds  of  carboniferous  limestone  in  Russia.  Hitherto,  traces 
of  such  animals  in  such  ancient  beds  have  been  few  and  imperfect. 

3.  The  Jurassic,  cretaceous,  and  tertiary  mollusca  are  described 
in  full  detail  by  M.  d*Orbigny,  and  their  synonyms  carefully  elabo- 
rated,— a  service  for  the  rendering  of  which  we  cannot  be  too  thank- 
ful, since  duplicate  names  have  accumulated  to  a  most  confusing 
extent  As  an  instance,  it  may  be  mentioned  that  M.  d*Orbigny 
enumerates  as  synonyms  of  the  Ammonites  Jason  of  Zieten,  no  Teas 
than  fourteen  distinct  names. 

The  plates  throughout  are  admirable. 

The  history  of  fossil  radiate  animals  has  received  one  of  the  most 
important  additions  ever  made  to  it,  in  the  memoir  of  M.  von  Buch 
on  the  CystidecB;  a  memoir  of  the  greatest  value  to  the  naturalist, 
since  it  furnishes  him  with  an  elaborate  and  philosophical  exposition 
of  the  organization  and  affinities  of  a  group  of  fossil  animals  hitherto 
misunderstood,  and  which  fill  up  a  blank  in  the  series  of  Radiata. 
As  these  fossils  are  now  known  to  be  by  no  means  unfrequent  In 
the  British  palaeozoic  strata,  though  they  have  hitherto  attracted 
but  little  attention,  the  study  of  the  paper,  itself  a  model  of  palaeon- 
tological  description,  will  well  repay  the  attention  of  geologists.  They 
will  find  it  at  full  length,  translated  by  Professor  Ansted,  in  the  last 
number  of  our  Journal ;  and  I  may  a[dduce  it  as  an  instance  of  the 
valuable  assistance  which  we  afibrd  to  the  geologists  of  this  country, 
by  devoting  a  portion  of  our  Quarterly  publication  to  original  foreign 
memoirs ;  for  how  few  there  are  who  can  have  an  opportunity  of 
seeing  the  '  Transactions  of  the  Berlin  Academy,'  to  say  nothing  of 
tliose  who  df)  not  read  German ! 


M.  Agassiz,  that  most  indefatigable  of  living  naturalists,  besides 
his  important  contributions  during  the  last  jear  in  that  department 
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in  which  he  is  universally  acknowledged  to  occupy  the  highest  rank, 
has  commenced  a  new  series  of  essays  under  the  title  of  *  leono* 
graphii  de$  CoquiUet  Tertiatres  rtputia  iderUigues  avee  let  eap^ees  vi* 
vanlest  ou  dans  diff^rens  terrains  ae  t^oque  teriiaire,'  In  the  preface 
to  the  first  part  he  announces  his  views  and  object  He  says  that 
he  has  been  long  convinced  that  the  greater  number  of  identifica^ 
tions  of  tertiary  shells  with  those  of  other  tertiary  epochs,  or  with 
recent  species,  are  incorrect.  From  his  investigations  he  is  led  to 
maintain,  1st,  that  notable  differences  exist  between  living  and  ter* 
tiary  species ;  and  Sndly,  that  in  the  tertiary  formations  the  different 
stages  present  dbtinct  faunae.  He  opposes  classification  founded  on 
per'Centaffes  as  purely  artificial,  and  attributes  the  errors  to  the  mis- 
taking analogues  for  true  identifications.  He  holds  that  each  geo- 
logical epoch  is  characterized  by  a  distinct  system  of  created  beings 
(the  results  of  a  new  intervention  of  creative  power),  including  not 
only  different  species  from  those  of  the  preceding  system,  but  also 
new  types.  At  the  same  time  he  admits  that  the  "  reiterated  inter- 
vention of  the  creative  power "  does  not  necessarily  and  absolutely 
imply  a  specific  difference  between  the  beings  of  different  deposits. 
He  holds  however  the  probability  of  such  a  difference  existing,  and 
his  object  in  this  '  Iconographie '  is  to  prove  that  such  difference 
has  been  overlooked.  He  goes  the  length  of  saying,  that,  even  when 
species  are,  so  far  as  the  eye  can  judge,  identical,  they  may  not  be  so. 
**  Perhaps,**  he  says,  **  there  may  exist  species  so  nearly  allied,  as  to 
render  it  impossible  to  distinguish  them  ;  yet  even  that  would  not  be 
to  my  eyes  a  proof  of  their  identity  ;  it  would  only  prove  the  insuf- 
ficiency of  our  means  of  observation  :  **  and  further,  *'  the  animals 
might  differ  though  the  shells  are  like." 

In  the  special  part  of  his  essay,  M.  Agassiz  proceeds  on  the  posi- 
tion that  the  law  of  variation  is  not  the  same  in  all  classes,  families 
and  genera ;  and  selects  his  examples  from  certain  genera  of  Ace- 
phalous Mollusoa  in  which  the  characters  are  very  constant,  viz. 
ArtemUj  Venutt  Cytherea,  Carina  and  Lueinat  on  thirty-one  forms 
of  which  genera,  considered  by  him  as  distinct  species,  he  gives  full 
oomments  and  valuable  details.  One  species  only  among  them,  the 
C^prina  islandica,  he  admits  to  be  at  the  same  time  recent  and 
fossil. 

M.  Agassiz  introduces  the  same  doctrine  in  his  Monograph  of  the 
Fishes  of  the  Old  Red  Sandstone.  Thus  he  says,  at  page  xi,  that  the 
characteristic  fossils  of  each  well-marked  geological  epoch  are  the 
representatives  of  so  many  distinct  creations,  and  affirms  that  he  has 
demonstrated  "joo«r  un  nombre  aasez  considerable  despeces"  that  the 
presumed  identifications  are  exaggerated  approximations  of  species 
resembling  one  another,  but  nevertheless  specifically  distinct. 

Whether  species  of  MoUusca  hitherto  deemed  common  to  two  or 
more  of  the  tertiary  periods  be  really,  as  M.  Agassiz  affirms,  distinct, 
is  a  doctrine  that  must  await  the  concurrence  of  experienced  con- 
chologists  before  it  can  be  made  the  means  of  overthrowing  present 
generalizations,  and  the  basis  of  new  ones.  With  regard  to  the 
Mammalia,  certain  eocene  forma  have  been  repeatedly  recognised  in 
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mioeene  strata,  and  the  continental  miocene  Mastodon  has  been 
latisfactorily  determined  as  a  fossil  of  our  older  pliocene  (Norwich 
Crag).  But  M.  Agassiz  is  peculiarly  unfortunate  in  citing  Dr.  Fal- 
coner and  Major  Cautley  (p.  xi)  as  supporting,  by  their  discoveries 
of  fossil  animals  in  the  Sub-Himalayan  Mountains,  his  views  as  to 
marked  distinctions  of  the  tertiary  fauna,  since  they  have  done  mors 
than  any  other  palaeontologists  to  prove  the  progressive  and  undi* 
stingnishable  blending  of  eocene  into  miocene,  and  this  into  pliocenef 
by  the  mammalian  fossils,  and  have  shown  that  some  species  of 
reptiles  actually  exist  at  the  present  day  which  were  coeval  with  th« 
Himalayan  Anoplothere,  Mastodon  and  Hippopotamus. 


The  attention  of  several  distinguished  naturalists  has  lately  been 
directed  to  the  investigation  of  the  structure  and  classification  of 
Trilobites.  A  valuable  work  on  these  singular  extinct  Crustacea  has 
been  lately  given  to  the  world  by  Professor  Burmeister,  who  is  now 
revising  an  English  translation  of  it,  to  be  publbhed  by  the  Ray 
Society.  In  this  work  there  is  a  systematic  arrangement  of  all  the 
species  known  to  the  author,  and  there  are  dissertations  of  great 
value  on  their  organization.  M.  Emmerich  has  also  published  a  very 
important  memoir  on  the  structure  of  Trilobites,  a  translation  of 
which  has  lately  appeared  in  Mr.  Taylor's  *  Scientific  Memoirs.'  In 
Sweden,  Professor  Loven,  a  naturalist  distinguished  for  his  researches 
among  the  invertebrate  animals,  has  commenced  the  investigation  of 
the  Trilobites  of  that  country  with  great  success.  His  papers  may 
be  found  in  the  Proceedings  of  the  Swedish  Academy  for  1844  and 
1845.  All  the  memoirs  now  enumerated  are  illustrated  by  excel- 
lent plates.  Lastly,  in  the  *  Geology  of  Russia '  will  be  found  an 
interesting  note  on  the  affinities  of  Trilobites,  by  Professor  Milne 
Edwards. 

In  what  I  have  said  of  the  accessions  during  the  last  year  to  our 
knowledge  of  the  DevoTiian  rocks,  I  have  referred  to  the  Monograph 
by  M.  Agassiz  of  the  Fishes  of  the  Old  Red  Sandstone,  which  those 
most  capable  of  appreciating  its  value  consider  as  one  of  his  most 
important  works ;  and  I  have  reason  to  know  that  he  himself  views 
it  in  that  light.  I  again  refer  to  it  in  this  place  on  account  of  some 
peculiar  views  there  developed  which  I  do  not  find  altogether  as- 
sented to  by  those  whose  judgements  on  this  subject  are  much  looked 
up  to. 

M.  Agassiz  states,  p.  xxx,  '*  que  les  poissons  de  TOld  Red  repr6- 
sentent,  par  leur  structure  toute  particulierey  Tage  embryonique  dtt 
rdgne  des  poissons.'*  A  part  of  the  peculiar  structure  which  he 
especially  dwells  upon  is,  *<  le  d^veloppement  extraordinaire  que 
prdsente  le  systeme  cutane  ;*'  but  he  acknowledges  that  "  malheu- 
reusement  nous  n'avons  pas  encore  des  termes  de  comparaison  avec 
les  poissons  de  la  cr§ation  actuelle  assez  nombreux  pour  appr6cier 
la  valeur  de  ces  caractdres.'*  Another  feature  of  the  peculiar  struo- 
tare  which  he  points  out  is  the  continuity  of  the  vertical  fins.    This 
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character,  liowever,  Sir  Philip  Egerton  and  ProfesBor  Owen  iaform 
me,  is  only  of  partial  application ;  the  famiijr  of  Cej^udaspidei  he  does 
not  cite,  but  in  Coccostetu,  tlie  sole  form  of  Old  Red  fishes  in  which 
▼ertical  nns  have  been  observed,  the  distance  between  them  is  con- 
■iderable.  In  the  Dipterians,  Dipterus  has  these  organs  very  dose, 
but  in  DwlopUrus  and  Osteoiepis  they  have  considerable  intervals 
between  them.  Diplopierus  moreover  occurs  in  the  coal-measures. 
In  the  CaUacantht  the  fins  of  Gfypiolqns  are  very  near  each  other, 
but  this  family  runs  into  the  chalk.  In  the  Acanihodians  the  fins 
are  quite  distinct,  and  Aeanihodes  is  found  in  the  coal-measures. 
There  are  aUo  recent  fishes  with  their  vertical  fins  quite  as  little 
distinct  as  in  the  most  exaggerated  of  the  Old  Red.  Neither  is  the 
beterocerque  tail  a  character  peculiar  to  the  fishes  of  the  Old  Red, 
for  all  the  fishes  older  than  the  lias  have  this  form,  as  have  the 
Sturgeons  of  the  present  day  ;  and  it  is  perhaps  more  important  to 
find,  that  certain  highly  characteristic  genera  of  the  Old  Red,  for 
example,  Pteriehth^Sf  Pampkractus  and  Coccosieus,  did  not  possess 
the  heterocereal  tail. 

Another  character,  viz.  the  flattened  form  of  head,  is  not  peculiar 
to  the  Old  Red,  for  the  SUuridce  and  other  recent  fishes  have  this 
oharacter  equally  prominent.  Then  the  non-development  of  the 
vertebral  column  is  found  in  the  Sturgeon,  Lamprey  and  other  recent 
fishes.  'Persons  seeking  for  support  to  the  theory  of  prc^ressive  de- 
velopment might,  on  a  hasty  perusal  of  this  work,  find  sentences  in 
favour  of  their  views ;  but  the  above  facts  are  irreconcilable  with 
the  theory  as  ordinarily  promulgated,  and  it  would  be  a  perversion 
of  M.  Agassiz*s  undoubted  opinions  to  quote  detached  sentences 
from  his  writings  in  support  of  that  doctrine.  They  will  find  for 
instance,  at  p.  28,  a  rectification  of  the  error  committed  by  the  in- 
genious Hugh  Miller,  in  describing  the  jaws  of  the  Coecosieut  as 
being  vertical,  like  those  of  Crustacea,  and  thence  inferring  that  '*  it 
seems  to  form  a  connecting  link  between  two  orders  of  existences;" 
M.  Agassiz  having  proved  that  they  are  horizontal,  and  move  verti- 
cally, as  in  other  true  fishes.  Then  there  are  four  species  of  Sharks 
of  the  Cestracion  division  in  the  Devonian  rocks  of  Russia,  and  the 
squaloid  fishes  of  the  present  day  offer  the  highest  organization  of 
the  brain  and  of  the  generative  organs,  and  make  in  these  respects 
the  nearest  approach  to  the  higher  vertebrate  classes. 


The  work  of  Professor  Owen  on  the  fossil  remains  of  Mammalia 
and  Birds  found  in  the  British  islands,  which  has  been  for  some  time 
In  course  of  publication,  is  now  completed,  the  concluding  part  having 
been  published  within  the  last  few  days.  This  valuable  contribution 
to  palaeontology}  in  which  it  is  the  purpose  of  the  author  ''  to  deduce 
from  these  remains,  by  physiological  comparisons,  the  living  habits 
of  the  extinct  species,  to  trace  out  their  zoological  affinities,  and  to 
indicate  their  geological  relations,"  is  another  gift  in  the  last  year  for 
which  geologists  are  indebted  to  the  British  Association.  Professor 
Owen. in  hb  preface  states,  that  the  special  researches  which  have 
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eaabled  him  to  fulfil  in  any  degree  the  above-meDtioned  designi 
were  begun  by  the  desire,  and  have  been  carried  on  chiefly  by  th€ 
liberal  aid  of  that  body. 

The  concluding  part  contains  a  very  interesting  and  instructive 
introduction,  which  will  enable  the  reader  to  follow  with  far  greater 
pleasure,  and  more  fully  to  appreciate  the  value  of  the  special  de- 
tails which  follow.  He  begins  by  pointing  out  that  first  trace  of  the 
creation  of  mammalian  quadrupeds  which  was  discovered  in  the 
Stonesfield  slate  of  the  oolitic  series,  and  it  was  certainly  a  most  for- 
tunate accident  which  brought  these  minute  bones  within  the  sight 
of  a  geologist  It  is  a  very  remarkable  circumstance,  that  all  the 
researches  of  geologists,  multiplied  as  they  have  been  since  that 
discovery  was  made,  have  not  yet  brought  to  light  another  fragment 
of  the  same  order  of  animals,  throughout  the  vast  series  of  deposits^ 
the  immense  duration  of  time,  that  intervened  between  the  Stonesfield 
slate  and  the  eocene  tertiary  deposits ;  notwithstanding  that  there 
are  indubitable  proofs  of  the  existence  during  that  interval  of  exten- 
sive continents,  of  forests  growing  on  that  land,  of  its  being  tenanted 
by  other  races  of  animals,  and  that  birds  and  pterodactyls  spread 
out  their  wings  in  the  air  above  it. 

The  land  that  supported  the  mammalia  whose  remains  are  found 
in  the  eocene  deposits  of  our  island  must  have  been  submerged, 
and  nmst  to  a  great  extent  have  remained  so  during  the  miocene 
period,  when  the  adjoining  continent  was  inhabited  by  the  animals 
whose  remains  have  been  disinterred  there  from  the  deposits  of  the 
miocene  age;  for  it  is  in  pliocene  and  post-pliocene  deposits  that 
the  mammalian  remains  in  the  British  Islands  next  present  them- 
selves. There  is  the  most  conclusive  proof  that  the  animab  lived 
and  died,  generation  after  generation,  for  a  long  succession  of  years, 
in  the  land  where  their  remains  are  now  found;  evidence  which 
completely  ''  refutes  the  hypothesis  of  their  having  been  borne  hither 
by  a  diluvial  current,  from  regions  of  the  earth  where  the  same  ge- 
nera of  quadrupeds  are  now  limited.  The  very  abundance  of  their 
fossil  remains  in  our  island  is  incompatible  with  the  notion  of  their 
forming  its  share  of  one  generation  of  tropical  beasts  drowned  and 
dispersed  by  a  single  catastrophe." 

The  author  ably  discusses  the  question  how  the  various  members 
of  that  ancient  fauna  came  into  this  island.  Other  and  independent 
geological  proofs  show  that  the  Britbh  Islands  were  united  with  the 
continent  when  it  received  its  pliocene  mammalia,  and  the  zoologist 
finds  the  known  habits  and  powers  of  these  mammalia  to  be  in  ac- 
cordance with  that  configuration  of  the  land.  He  then  considers  the 
no  less  important  question,  although  it  is  one  more  difficult  of  so- 
lution— by  what  processes  they  became  extinct?  The  subterranean 
movements  which  separated  our  islands  from  the  continent,  and  sub- 
merged other  parts  of  these  islands,  must  have  produced  such  changes 
in  the  means  of  subsistence  and  powers  of  migration  of  these  animals 
as  must  have  been  one  great  cause  of  their  diminution  and  eventual 
extinction  ;  the  loss  of  a  sufficient  supply  of  vegetable  food  for  the 
greater  herbivorous  quadrupeds,  and,  by  thdr  diminished  numbers,  * 
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the  want  of  support  for  the  larger  cam ivora  which  prejed  upon  them. 
He  enumerates  other  causes  which  must  have  operated  for  a  long 
period  before  the  agency  of  man  aided  the  work  of  extinction.  Ha 
adduces  many  most  curious  and  interesting  particulars  in  illustration 
of  the  laws  by  which  the  geographical  distribution  of  the  mammalia 
of  the  pliocene  and  post-pliocene  periods  generally  appear  to  have 
been  determined ;  showing  that,  '*  with  extinct  as  with  existing  mam* 
malia,  particular  forms  were  assigned  to  particular  provinces,  and, 
what  is  still  more  interesting  and  suggestive,  that  the  same  foma 
were  restricted  to  the  same  provinces  at  the  pliocene  period  as  they 
are  at  the  present  day.** 

In  this  work  eighty  species  of  British  fossil  Mammalia  are  de* 
aeribed,  of  which  the  following  (forty-two  in  number)  were  either 
originally  determined  by  the  author  as  new  species,  or  weie  fint  re* 
cognised  by  him  as  occurring  in  a  foasil  state.  They  were  for  the 
moat  part  deacribed  in  the  publications  of  this  Society. 

Amphitherium  Broderipii.  Lophiodon  minimus. 

Arvicola  agreitU,  Lutra  vtUgarit, 

pratensis.  Macacus  eocenus, 

Balaena  o/^if.  -pliocenus, 

■■  aefinita,  Machairodus  latuUns, 

emarginaia.  Meles  taxus. 


■'■  gibbosa,  Palaeotherium  magnum. 

Balaenodon  phgseiloides. crassum. 

Bison  minor,  minus. 

Bos  hngifrons*  Paleeospalax  magnus. 

Cervus  JBucklandi.  Phascolotherhim  Bucklandi. 


Tarandus.  Phocsena  crassidens. 


Chfl^ropotamus  Cuvieri.  Physeter  macrocephcdtu. 

Corvphodon  eocenus.  Rhinolophusyerrufn-egrutnum. 

Dichobune  cervinum.  Sorex  vulgaris. 

Eouus  pUcidetis.  Strongyloceros  speUeus. 

FeLla  pardoides.  TdlpSL  vulgaris. 

Hyracotherium  leporinum.  Trogontherium  Cuvieri, 

-^— ^— —  cuniculus.  Ursus  priscus. 

Lagomys  spekeus.  Vespertilio  vulgaris. 
Lophiodon  magnus. 

Of  the  eighty  species  deaoribed  in  thb  work, 

Three  are  of  Oolite  antiquity ; 

Twenty  from  Eocene  tertiary  strata ; 

Five  from  the  Miocene  Red  Crag; 
.   Fifty-two  from  the  older  and  newer  Pliocene  freshwater  and  drift 
formationa. 

Of  the  newer  Pliocene  species  of  fossil  Mammalia,  seventeen  be* 
oame  extinct  before  the  historic  period,  viz. — 
Macacus  pliocenus.  Hyaena  spelsea. 

BilsBOspalax  magnus.  Fells  spelaea. 

Ursua  priscus.  Machairodus  latidens. 

^t— —  spelsDua.  Trogontherinm  Cuvieri. 
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Ltgomjs  fpelaetis.  Hippopotamus  major. 

Elephac  primigenius.  Megaceros  Hibernicus. 

RhiDoceros  tichorhinus.  StroDgylocero«  spelnus. 

— -■  ■ leptorhinus.  Cervus  BucklandL 

Bq«ut  plicidens. 

Fi%'e  species  came  down  to  the  age  of  tradition  or  history,  and 
have  been  extirpated  in  England,  viz. — 

Caois  lupusy  Wolf. 
Caator  Europasus,  Beaver. 
Cervuf  Tarandus,  Reindeer. 
Biaon  priacuf.  Aurochs. 

Boa  primigenius,  or  great  Urus.    Tbia  species  is  abo  extioot  on  fcbt 
continent 

Twenty -six  of  the  Mammalia  whose  fossil  remains  testify  to  thdr 
eo-antiquity  with  the  Mammoth,  still  exist  in  England  as  well  as  oo 
the  continent  of  Europe,  vij5. — 

Vespertilio  noctula,  1  j>  .    Lepus  cuniculus,  Rabbitt 

Rhinolophus  ferrum-equinum,  j  '  Equus  caballus,  Horse. 

Sorex,  Shrew,  three  species.  asinus,  Ass. 

Meles  taxus.  Badger.  Sus  scrofa,  Hog. 

Putorius  vulgaris.  Polecat.  Cervus  elaphus,  Red  Deer. 

ermineuR,  Stoat  — > capreolus,  Roc. 

Lutra  vulgaris,  Otter,  Capra  hircus,  Goat 

Canis  vulpes.  Fox.  Boslongifrons(probablesouro6 
Felis  catus,  Wild  Cat  of  the  Highland  cattle). 

Mus  rattus,  Black  Rat.  Physeter,  Sperm  Whale. 

niusculus,  Mouse.  Balaenoptera. 

Arvicola,  Vole,  three  species.  Balaena  mysticetus, Whalebone 
Lepus  timidus.  Hare.  Whale. 

You  cannot  but  remember  the  great  interest  that  was  excited  whei 
Dr.  Royle,  in  March  1836,  communicated  to  this  Society  a  paper  by 
his  friends  Captain  Cautley  and  Dr.  Falconer,  then  resident  in  Indii^ 
on*  the  remains  of  Mammalia  found  in  the  Tertftury  formations  of 
the  Sewalik  Mountains,  at  the  southern  foot  of  the  Himalayas,  be* 
tween  the  Sutlej  and  the  Ganges ;  discoveries  deemed  so  important) 
that  the  Council,  at  the  following  anniversary,  awarded  a  Wollaston 
Medal  to  each  of  these  gentlemen.  Besides  the  paper  by  Captain 
Cautley,  published  in  the  fifth  volume  of  our « Transactions,' numerous 
details  respecting  these  discoveries  are  contained  in  the  '  Asiatie 
Researches,'  and  in  the  *  Journal  of  the  Astatic  Society  of  Bengal.' 
A  magnificent  donation  of  these  remains,  contained  in  more  than 
two  hundred  chests,  was  made  by  Captain  Cautley  to  the  Britiah 
Museum,  and  a  work  of  immense  labour  and  research  has  been 
undertaken  by  Dr.  Falconer,  to  describe,  in  oonjunction  with  hk 
iViend,  now  Major  Cautler,  these  very  interesting  remains.  Htr 
Majesty's  Government  and  the  Directors  of  the  East  India  Ccxn- 
pany  have  supplied  f^nds  in  aid  of  the  suocesaful  progress  of  the 
work.   The  first  paH  hat  Jnal  appeared ;  it  bean  the  titla  af  <  jPrnuM 
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Aniiqua  Swaiensu^'  and  consistt  of  twelve  folio  plates,  and  simty* 
four  pages  of  8vo  letter-press.  Nothing  has  ever  appeared  in 
lithography  in  this  country  at  all  comparable  to  these  plates ;  and  aa 
regards  the  representations  of  minute  osseous  texture  by  Mr.  Ford, 
they  are  perhaps  the  most  perfect  that  have  yet  been  produced  in 
any  country. 

The  work  has  commenced  with  the  Elephant  group,  in  which,  they 
say,  "  is  most  signally  displayed  the  numerical  richness  of  forms 
which  characterizes  the  Fossil  Fauna  of  India,**  and  the  first  chapter 
relates  to  the  Proboscioea — Elephant  and  Mastodon.  The  au« 
thors  have  not  restricted  themselves  to  a  description  of  the  Sewalik 
fossil  forms,  but  they  propose  to  trace  the  affinities,  and  institute  an 
arrangement  of  all  the  well-determined  species  in  the  family.  They 
give  a  brief  hbtorical  sketch  of  the  leading  opinions  which  have 
been  entertained  by  palaeontologists  respecting  the  relations  of  the 
Mastodon  and  the  Elephant  to  each  other,  and  of  the  successive 
steps  in  the  discovery  of  new  forms  which  have  led  to  the  modifi- 
cations of  these  opinions.  They  state  that  the  results  to  which  they 
themselves  have  been  conducted,  lead  them  to  differ  on  certain 
points  from  the  opinions  most  commonly  entertained  at  the  present 
day  respecting  the  fossil  species  of  Elephant  and  Mastodon.  As 
thev  differ  in  their  conclusions  from  those  of  Cuvier,  De  BlainviUe 
and  Owen  as  to  specific  differences,  you  will  readily  conclude  that 
the  proof  they  adduce  rests  upon  nice  distinctions  in  anatomical 
structure ;  to  enter  upon  which  would  be  quite  unsuitable  on  the 
present  occasion,  by  even  the  most  competent  to  judge  of  questions 
in  which  such  high  authorities  disagree. 

Conclusion. 

Although  this  Address  has  extended  to  so  great  a  length,  those 
who  are  actively  alive  to  what  is  going  on  in  the  several  departments 
of  Geology  will  have  found  many  important  works  of  the  past  year 
unnoticed,  many  topics  of  interest  left  untouched.  This  would  not 
have  been  the  cafe  to  so  great  an  extent,  if  I  had  had  more  time- at 
my  disposal.  Even  with  the  opportunities  I  have  had,  I  might  have 
briefly  noticed  a  greater  number  of  books  publbhed  in  our  own  and 
in  foreign  countries,  and  memoirs  contained  in  Journals  and  Trans- 
actions ;  but  I  confess  to  yielding  to  an  inclination  to  dwell  upon 
topics  that  have  more  particularly  attracted  me  in  my  past  geological 
studies. 

It  is  highly  gratifying  to  see  so  much  activity  in  the  cultivation  of 
our  science  in  almost  every  part  of  the  civilized  world ;  and  still  more 
satisfactory  to  observe,  that  it  has  been  for  some  time  past  pursued 
in  a  better  spirit,  with  a  disposition  to  greater  accuracy  and  rigour  in 
investigation,  and  with  a  more  strict  adherence  to  the  rules  of  philo- 
sophical inquiry.  When  we  contrast  the  state  of  Geology  now  with 
what  it  was  when  thb  Society  was  established,  or  compai'e  the  then 
limited  extent  of  our  knowledge  of  PalsBontology  with  the  wide  range 
it  now  takes,  and  when  we  tUnk  of  the  crude  hypotheses  and  hasty 
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generalizations,  founded  on  the  most  scanty  and  imperfect  observa* 
tions,  which  were  then  misnamed  science,  we  maj  well  4ook  back  witii 
satisfaction  to  the  work  of  the  last  thirty  years,  to  which  this  Society 
has  contributed  no  inconsiderable  share. 

It  has  hitherto  too  frequently  happened  that  geologists  hare  dealt 
with  important  questions  of  physics,  chemistry,  comparative  ana- 
tomy, zoology,  or  botany,  without  an  adequate  acquaintance  witii 
the  principles  and  known  laws  of  the  science  essentially  involved  in 
the  question ;  now,  unless  our  conclusions  will  bear  the  test  of  the 
most  strict  examination  by  those  who  are  acknowledged  authorities 
hi  the  particular  science,  it  is  obvious  that  we  cannot  make  any 
secure  progress.  The  studv  of  Geology,  more  perhaps  than  that  of 
any  other  branch  of  natural  science,  has  a  tendency  to  create  a  dis* 
position  to  theorize ;  this  disposition,  however,  if  kept  within  due 
bounds,  is  rather  to  be  encouraged  than  repressed,  for  it  has  often 
proved  a  stimulus  to  accurate  observation ;  and  to  arrive  at  a  know- 
ledge of  a  true  theory  of  the  earth,  is,  in  truth,  the  great  aim  of  our 
inquiries.  But  we  must  carefully  guard  against  the  error  which  the 
earlier  geologists  too  frequently*  fell  into,  of  quitting  the  sober  path 
of  inductive  philosophy,  and  wandering  into  the  regions  of  ima^na* 
tion.  We  must  indulge  in  no  theoiy  that  is  not  in  accordance  with 
Uws  of  nature  of  which  we  have  had  experience,  or  which  may  Im 
fairly  inferred  from  that  experience,  although  the  operations  wa 
feeek  to  explain  may  have  been  on  a  greater  scale  than  any  of  which 
we  have  certain  knowledge.  The  cautious  and  accurate  Playfkir 
was  wont  to  inculcate  upon  those  who  studied  in  the  school  of  Hut- 
ton,  the  warning  of  the  noble  aphorism  with  which  Bacon  opens  his 
great  work,  the  <  Novum  Organum,' — an  aphorism  which  every  geo^ 
logist  will  do  well  to  bear  in  mind  when  he  ventures  to  theorize  on 
causes : — "  BomOt  natura  minister  ei  ifUerpres^  tantum  facU  ei  m- 
telligity  quantum^  de  natura  ardine,  re  vet  menie  oheervaverii;  nee 
ampiiui  ecif,  aui potest" 
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G.  E.  H.  VernoD,  Esq^  and  Julius  Jeffreys,  Esq.,  F.R.S.,  were 
elected  Fellows  of  the  Society. 

The  followiug  communications  were  read  : — 

I,  On  the  Tertiary  or  Supracretaceous  Formations  of  tJk 
Isle  of  Wight  as  exhibited  in  the  Sections  at  Alum  Bay  and 
White  Cliff  Bay.    By  Joseph  Prestwich,  Jun.,  Esq.,  F.G.S. 

Plate  IX. 

In  the  London  tertiary  district  there  are  but  few  good  sectiooa  of 
the  middle  and  upper  Eocene  strata ;  and  there  is  no  part  of  it  id 
which  the  order  of  superposition  is  so  well  shown,  or  can  be  so  ood- 
veniently  studied,  as  in  the  coast  sections  of  Hampshire  and  of  the 
Isle  of  Wight.  Owing  to  this  better  and  more  permanent  stradgra- 
phical  evidence,  it  may  be  desirable,  before  treating  of  the  London 
tertiaries,  to  fix  the  subdivisions  of  the  contemporaneous  Hampshire 
series,  in  order  that  they  may  serve  as  types  and  points  of  reference. 
I  therefore  beg  to  submit  to  the  Society  the  following  observatioM 
made  in  the  autumn  of  1839,  which  I  should  have  brought  forward 
at  an  earlier  period,  had  I  not  hoped  to  have  rendered  them  more 
complete  by  a  further  examination  of  the  district,  which  however 
I  have  not  had  leisure  since  to  resume. 

VOL.  If. — PART  I.  Q 
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The  general  details  of  this  subject  are  well  known.  I  will  briefljr 
note  the  results  obtained  by  former  observers,  and  then  examine 
in  succession  the  development  and  nature  of  the  organic  remains, 
conjointly  with  the  changes  of  lithological  characters  and  of  dip, 
and  I  hope  these  may  tend  to  remove  some  of  the  uncertainty  and 
doubt  which  seem  still  to  exist,  particularly  on  the  continent,  on 
the  subject  of  the  fauna  of  these  strata,  and  on  the  period  of  the 
disturbance  by  which  they  have  been  affected.  Their  age  and  syn- 
chronism with  the  Paris  groups  also  require,  I  think,  some  material 
revision. 

In  1766  Brander*  published  his  descriptions  and  beautiful  draw- 
ings of  the  London  clay  fossils  of  Barton  and  Hordwell  Cliffs. 

In  1802  Sir  Henry  Englefieldf  noticed  the  disturbance  affecting 
the  chalk  and  adjacent  strata  of  the  Isle  of  Wight. 

In  1803  Lamarck  t  inferred,  from  a  comparison  of  the  fossils  of  the 
calcaire  grossier  of  Grignon  and  Courtagnon  with  those  figured  by 
Brander,  that  these  beds  were  of  the  same  geological  epoch. 

In  1811  Dr.  Berger§  gave  several  good  mineralogical  details  and 
barometrical  heights  of  parts  of  Hampshire  and  Dorsetshire,  but  his 
geological  descriptions  are  defective. 

In  1813  Mr.  Webster  ||  detected  the  analogy  of  the  geological 
structure  of  the  tertiary  rocks  of  the  Isle  of  Wight  with  those  de- 
scribed by  Cuvier  and  Brongniart  in  the  neighbourhood  of  Paris,  and, 
following  their  classification,  he  grouped  them  into  the  formations 
of — 1,  sands  and  plastic  clay ;  2,  London  clay ;  3, lower  freshwater; 
4,  upper  marine,  and  5,  upper  freshwater. 

In  1816  Dr.  Bucklandf  noticed  the  strong  resemblance  between 
the  London  and  Hampshire  basins,  inferred  their  former  continuity, 
and  traced  the  range  of  the  plastic  clay  in  the  Hampshire  basin. 

In  1816  Sir  Henry  Englefield^*  published  some  excellent  coast 
sections  of  the  Isle  of  Wight  and  Dorsetshire,  after  drawings  by 
Mr.  Webster,  who  in  the  text  gave  a  further  geological  description 
of  the  island.  He  states  that  in  the  lower  dark  brown  clay  (stra- 
tum d)  of  Alum  Bay  he  found  fossil  shells,  but  he  considered  them 
as  rather  resembling  those  of  the  W^oolwich  beds  than  of  the  London 
clay.  He  did  not  consider  the  evidence  that  the  elevation  of  the 
London  clay  took  place  prior  to  the  deposition  of  the  freshwater 
formation  quite  conclusive,  but  expressed  his  willingness  to  admit 
of  any  modification  in  his  views  which  subsequent  discoveries  might 
render  necessary. 

In  1821  Mr.  Webster  ft  gave  an  account  of  Hordwell  Cliff  and 
its  freshwater  beds. 

In  1821  Mr.  G.  SowerbyU  pointed  out  the  occurrence  of  London 
clay  fossils  and  Septaria  in  stratum  "  d  '*  of  Mr.  Webster  s  section  of 

*  Foasilia  Hantonensia.  f  Trans.  Linnean  Soc.  vol.  vi. 

t  Annales  du  Museum,  tom.i.  §  Trans.  Geol.  Soc.  vol.  i.  p.  249. 

II  Trans.  GeoL  Soc.  vol.  ii.  p.  161. 

%  Ibid.  vol.  iv.  p.  276  to  304,  and  2nd  Series,  vol.  ii.  part  i.  p.  119. 

♦♦  Sir  H.  Englcfield's  Isle  of  Wight.  ft  Trans.  Geol.  Soc. 

XX  Annals  of  Philosophy,  vol.  xviii.  p.  216. 
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Alum  Bay,  and  of  the  mixture  of  freshwater  and  marine  shells  in 
the  so-called  upper  marine  formation,  which  he  considered  to  be  of 
estuary  origin.  The  sands,  plastic  clay,  and  London  clay,  he  groups 
in  one  formation. 

In  1822  Professor  Sedgwick*  confirmed  the  general  correctness 
of  the  divisions  introduced  by  Mr.  Webster,  and  noticed  that  in  stra- 
tum "rf  "  the  fossils  rather  resembled  those  of  the  Bognor  rocks  than 
those  of  Barton  Cliff;  he  also  found  marine  shells  in  the  most  north- 
ern vertical  strata  of  White  Cliff  Bay  agreeing  in  character  with 
those  of  the  sandy  and  overlying  beds,  which  repose  upon  the  Lon- 
don clay  at  Hordwell  Cliff.  In  this  notice  Professor  Sedgwick  gave 
a  detailed  account  of  the  nature  and  range  of  the  freshwater  beds 
over  the  north  of  the  Isle  of  Wight,  and  showed  the  mixture  and 
passage  of  the  marine  and  freshwater  exuvia,  and  the  passage  of 
indurated  calcareous  marls  into  clays  and  argillaceous  marls. 

In  1822  Dr.  Mantellf  noticed  the  great  extent  of  the  Bognor 
rocks,  described  their  organic  remains,  and  gave  full  details  of  the 
Newhaven  plastic  clay  beds. 

In  1824<  Dr.  Bucklandj  announced  the  discovery  by  Mr.  Allan  of 
the  remains  of  the  *^ Anaplotherium  commune"  in  the  lower  fresh- 
water limestone  of  Binstead. 

In  1826  Mr.  Lyell§  gave  a  detailed  account  of  the  beds  underlying 
the  London  clay  between  Muddiford  and  the  chalk  at  Stutland,  and 
also  of  the  beds  above  the  London  clay  at  Hordwell  Cliff.  He 
showed  the  paucity  of  organic  remains  in  the  former,  and  their  great 
abundance  in  the  latter,  which  he  considered  to  belong  exclusively 
to  the  lower  freshwater  formation. 

In  1829  Mr.  P.  J.  Martin  ||  contributed  some  interesting  observa- 
tions on  the  anticlinal  line  of  the  London  and  Hampshire  basins. 

In  1830  Mr.  Pratt  ^  discovered  in  the  quarries  of  Binstead  remains 
of  the  Pal(Botkerium  and  of  a  new  species  of  ruminant  allied  to 
Moschus. 

In  1831  Professor  Sedgwick**  stated  that  he  considered  the  anti- 
clinal axis  of  the  Isle  of  Wight  to  have  been  formed  subsequently  to 
the  deposition  of  the  lower  beds  of  the  freshwater  formations,  a 
portion  of  which  he  had  discovered  to  be  in  vertical  position  in  the 
cliffs  of  White  Cliff  Bay.  He  considered  Mr.  Webster's  minor 
divisions  not  tenable,  but  the  main  ones  he  thought  held  good. 

In  1832-33  Mr.  Lyellff  coincided  with  these  views  of  Professor 
Sedgwick,  and  traced  the  probable  period  and  duration  of  the  anti- 
clinal disturbance  of  the  Isle  of  Wight.  He  concluded  that  it  was 
giadual  and  prolonged. 

*  Annals  of  Philosophy,  vol.  xix.  p.  339  to  355. 

t  On  the  Geological  Structure  of  Sussex. 

X  Annals  of  Philosophy,  vol.  xxvi.  p.  360. 

§  Trans.  Geol.  Soc.  2nd  Series,  vol.  ii.  part  ii.  p.  279  to  285. 

II  Philosophical  Magazine  and  Annals  of  Philosophy,  1829. 

11  Proceedings  Geol.  Soc.  vol.  i.  p.  239. 

♦*  Ibid.  vol.  i.  pp.  289  and  294. 

ft  Principles  of  Geology,  Art.  Eocene  ttrala. 
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In  1833  Dr.  Mantell*  gave  a  further  description  of  the  Bognor 
rocks,  and  a  more  complete  list  of  their  organic  remains. 

In  1834  M.  Elie  de  Beaumont  f  entered  into  the  theoretical  con- 
siderations of  the  period  of  the  disturbance  of  the  Isle  of  Wight,  and 
the  hydrographical  state  of  the  district  during  the  Eocene  period. 
He  considered  the  strata  to  have  been  elevated  after  the  accumu- 
lation of  the  freshwater  formation,  and  contemporaneously  with  the 
elevation  of  the  main  axis  of  the  Alps.  The  lignites  of  Alum  Bay 
he  thought  synchronous  with  those  of  Soissons. 

In  1835  Mr.  Woodbine  Parish,  jun.:(,  gave  a  list  of  the  organic 
remains  of  the  Bognor  rocks. 

In  1838  Mr.  Bowerbank§  carefully  measured  some  of  the  lower 
freshwater  beds  of  Headon  Hill,  and  noticed  their  want  of  organic 
remains. 

In  1838  M.  d'Archiacll  grouped  the  strata  of  the  Isle  of  Wight 
into  subdivisions  parallel  with  those  he  has  so  well  introduced  in  the 
French  series,  but  still  adhering  to  the  divisions  of  Webster.  He 
did  not  consider  the  period  of  the  anticlinal  disturbance  to  be  satis- 
factorily proved. 

In  1839  Mr.  Bowerbankf  described  the  strata  at  White  Cliff  Bay, 
and  showed  the  great  vertical  range  and  abundance  of  the  London 
clay  fossils.  He  added  a  list  of  the  organic  remains  he  found  in 
stratum  **  d "  of  Alum  Bay,  and  these  he  considered  to  be  of  well- 
known  London  clay  species.  He  viewed  the  sands,  plastic  clay  and 
London  as  alternations  of  one  group. 

In  1839  the  Rev.  Mr.  Clark**  detailed  the  coast  section  from 
Poole  harbour  to  the  chalk  at  Stutland. 

And  in  1840  Mr.  Bowerbankff  described  several  new  species  of 
shells  and  corals  from  Bracklesham  Bay,  and  showed  that  species 
characteristic  of  the  calcaire  grossier  were  there  common  H* 


The  details  of  the  lithological  characters  of  the  different  strata  I 
have  given  in  the  sections,  Plate  IX.  figs.  1  &  2,  and  need  not  here 
recapitulate.  In  these  sections  the  strata  are  numbered,  but  I  have 
also  used  the  letters  affixed  to  them  in  Mr.  Webster's  section  of 
Alum  Bay.  There  are  a  few  points  however  connected  with  this 
subject  to  which  I  beg  to  call  attention. 

Both  at  Alum  and  White  Cliff  Bays  the  surface  of  the  chalk  on 

•  Geology  of  the  South-East  of  England. 

t  M^moires  pour  servir  a  unc  description  g^logique  dc  la  France,  vol.  iii. 
p.  153. 

t  Trans.  Gcol.  Soc.,  2nd  Scries,  vol.  vi.  p.  313. 

§  Mag.  Nat.  Hist.,  New  Series,  vol.  ii.  p.  674. 

i  Bulletin  de  la  Soc.  0^1.  de  France,  tome  x.  p.  168. 

^  Trans.  Geol.  Soc,  2nd  Series,  vol.  vi.  p.  169. 

•♦  Mag.  Nat.  Hist.,  New  Series,  vol.  Hi.  p.  390.  ft  /«rf.  vol.  iv.  p.  23. 

Xt  Since  the  above  was  written,  Professor  Edward  Forbes  and  Capt.  Ibbetson 
have,  at  the  last  Meeting  of  the  British  Association  at  York,  given  an  excellent  ac- 
count of  the  strata  at  White  Cliflf  Bay,  noticing  particularly  the  great  vertical  range 
of  organic  remains  and  their  abundance  in  stratum  **d," — See  Report  of  Brit.  Assoc, 
for  1844. 
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which  the  tertiary  beds  repose  is  as  usual  much  worn,  and  overlaid 
by  a  few  feet  of  sand  with  green -coated  slightly  rolled  flints,  and 
some  small  flint  pebbles.  To  this  succeeds  also,  in  both  places, 
a  considerable  thickness  of  bright-coloured  mottled  clays,  and  then 
an  important  bed  ("rf")  of  sandy  brown  clay  with  Septaria.  So 
far  the  sections  are  nearly  identical  in  character,  but  above  this  bed 
a  considerable  difl^erence  of  lithological  structure  exists.  At  Alum 
Bay  we  find  a  series  of  variously  coloured  siliceous  sands  with 
some  greensands  and  carbonaceous  clay,  the  whole  almost  free 
from  calcareous  matter.  At  White  Cliff  Bay,  on  the  contrary, 
we  have  much  less  siliceous  sand  and  carbonaceous  clay,  and  more 
greensands,  marls  and  calcareous  sands.  In  the  overlying  fresh- 
water, or  rather,  as  they  might  probably  be  better  termed,  the  fluvio- 
marine  series,  limestones  are,  on  the  contrary,  more  developed  at 
Headon  Hill  than  at  White  Cliff  Bay.  At  Alum  Bay  as  many  as 
ten  or  eleven  layers  of  pebbles  may  be  traced  in  the  vertical  beds ; 
they  are  marked  "  P  "  in  the  sections  (Plate  IX.  fig.  1  &  2).  In  White 
Cliff  Bay  they  are  also  numerous,  but  their  number  cannot  be  well 
ascertained  owing  to  the  many  breaks  in  the  cliffs.  An  unusual 
condition  connected  with  this  subject  may  be  here  noticed.  In  the 
lower  limestones  and  sandstones,  which,  thin  and  unimportant  at 
White  Cliff  Bay,  swell  out  and  become  in  places  conglomeratic  at 
Bembridge,  not  only  do  we  find  the  common  small  round  black 
flint  pebbles  imbedded  in  the  rock,  but  also  numerous  angular  flints, 
but  little  rolled,  just  as  they  are  found  in  the  common  flint  gravel. 
The  following  is  a  section  of  a  block  of  this  calcareous  sandstone. 


1. 

Angular  flinta,  bat  little  rolled, 
and  small  round  flint  pebbles. 

Freshwater  shells,  layer  of. 

Angular  flints  resembling  the  upper  bed. 

Ditto. 


Even  within  small  distances  the  lithological  changes  of  some  of  the 
strata  are  considerable.  The  short  projecting  outcrop  of  the  verti- 
cal beds  precludes  the  exhibition  of  this  fact  at  Alum  and  White  Cliff 
Bays,  but  in  the  horizontal  strata  it  may  be  constantly  seen.  Thus 
the  thick  bed  of  earthy  limestone  (No.  39)  at  Headon  Hill  passes 
in  its  range  northward  into  a  bed  of  sand  ;  the  thin  limestones  below 
this  bed  appear,  on  the  contrary,  to  become  more  important  in  their 
range  north-east  In  the  upper  part  of  the  series  at  Headon  Hill, 
eighteen  feet  of  hard  limestone  and  indurated  marl  (71  and  72)  al- 
most entirely  thin  out  before  reaching  Colwell  Bay,  so  that  the 
upper  part  of  the  freshwater  or.  fluvio-marine  series  in  its  range 
northward  and  eastward  loses  much  of  its  limestone,  and  presents 
thick  masses  of  marls  and  clays — to  this  Professor  Sedgwick  has 
alluded. 

At  Hordwell  Cliff,  on  the  top  of  the  London  clay,  there  is  a  bed  of 
sand  fifteen  feet  thick  overlaid  by  a  few  inches  of  grey  clay ;  tracing 
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the  range  of  these  two  strata  a  few  hundred  feet  to  the  eastward, 
the  sand  is  found  to  pass  from  yellow  to  ash  colour  and  to  tbiu 
out,  whilst  the  overlying  clay  swells  out  and  attains  a  thickness  of 
twelve  to  fourteen  feet. 

The  beds  below  the  Lomlon  clay  from  Barton  to  Poole  harbour 
and  Stutland  consist  almost  entirely  of  sands:  the  same  beds  at 
Alum  Bay  show  nearly  equal  proportions  of  clay  and  sand,  whilst 
at  White  Cliff  Bay  the  clays  are  to  sands  about  as  two  to  one. 
The  thick  strata  of  mottled  clays  and  brown  clays  ('^  b  and  d  ")  at 
Alum  Bay  are  not  exhibited  at  Stutland;  or  if,  as  I  rather  presume 
them  to  be,  they  are  hidden  by  the  slope  and  talus  of  the  cliff,  their 
thickness  must  be  very  inconsiderable. 

On  the  whole,  it  is  evident  that  siliceous  sands  preponderate  to 
the  westward  and  clays  to  the  eastward,  and  that  in  the  fluvio-ma- 
rine  deposits  calcareous  and  siliceous  rock  strata  are,  in  the  lower 
division,  most  fully  developed  on  the  north  side  of  the  Isle  of  Wight, 
and,  in  the  upper  division,  at  Headon  Hill. 

Another  point  that  may  be  further  briefly  noticed  in  connexion 
with  the  changes  in  lithological  character  is  the  frequent  and  con- 
siderable variation  in  the  thickness  of  most  of  the  strata.  At  Alum 
Bay  the  mottled  clays  "^"  are  90  feet  thick,  and  at  White  Cliff 
Bay  as  much  as  140  feet.  So  also  at  the  former  place  stratum 
**d*'  is  195  feet  thick,  whereas  at  the  latter  place  it  is  about  300 
feet  thick.  The  succeeding  sands  and  London  clay  at  Alum  Bay 
are  1020  feet  in  thickness,  and  at  White  Cliff  Bay  820  feet.  The 
Lower  Headon  Hill  sands  at  the  former  place  measure  120  feet, 
and  at  the  latter  195  feet.  At  Headon  Hill  the  lower  division  of 
the  fluvio-marine  series  is  but  seventy  feet  thick,  whereas  at  White 
Cliff  Bay  it  attains  a  thickness  of  350  feet  The  upper  division  of 
this  last  group  is  more  important  at  Headon  Hill,  but  not  being  in 
either  case  complete,  will  not  adroit  of  accurate  comparison.  The 
result  of  two  measurements  of  the  series  included  between  the  chalk 
and  the  upper  division  of  the  fluvio-marine  group  (known  as  the 
upper  marine  formation)  gave  at  Alum  Bay  1500  feet,  and  at  White 
Cliff  Bay  1800  feet.  My  object  in  alluding  to  these  facts  is  to  show 
the  irregular  and  active  conditions  prevailing  during  the  accumula- 
tion of  these  tertiary  strata,  which  it  is  important  to  bear  in  mind 
in  examining  their  organic  remains,  whose  distribution  exhibits 
material  corresponding  modifications. 


Organic  Remains. 

Neither  in  the  thin  bed  of  sand  immediately  overlying  the  chalk, 
nor  in  the  succeeding  thick  beds  of  mottled  clays  ''6,'*  have  any 
animal  remains  been  hitherto  found,  so  far  as  I  am  aware,  either  at 
Alum  Bay  or  White  Cliff  Bay.  But  at  both  places  the  mass  of  brown 
sandy  clay  "  d  "  overlying  the  mottled  clays  is  well-characterized  by 
peculiar  fossils.  At  Alum  Bay  their  existence  has  been  long  known. 
.iMr.  Webster  noticed  them  in  18J6,  Mr.  Sowerby  in  1821,  Prof. 
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Sedgwick  in  1822,  and  in  1839  Mr.  Bowerbank  enumerated  fourteen 
species*. 

From  this  locality  I  procured  the  following  twenty  species,  besides 
teeth  of  Sqttalus : — 

Dentalium  (Ditrupa)  planum.  Pynila  tricostata  ? 

Pectunculus  brevirostris.  Lutraria  oblata  ? 

Pholadomya  margaritacea.  Rostellaria  lucida  ? 

Panopea  intermedia.  Cerithium,  sp. 

Rottellaria  Sowerbii.  Fusns,  sp. 

Tuiritella  imbricataria.  Cytherea,  sp. 

Vermetus  Bognorensis.  Ostrea,  sp. 

Pinna  affinis.  Corbula,  sp. 

Calyptnea  trochiformis.  Venencardia,  sp. 

Pleurotoma  undata  ?  Natica,  sp. 

At  White  Cliff  Bay  this  stratum  is  considerably  thicker,  but  the 
fossils  in  it  are  neither  so  abundant  nor  so  well-preserved.  I  believe 
they  have  been  hitherto  overlooked  f-  Owing  to  the  very  rainy 
weather  during  my  stay  there,  I  found  it  difficult  to  preserve  spe- 
cimens. They  are  sufficient  however  to  prove  the  identity  of  the 
bed  with  that  at  Alum  Bay.  The  species  which  most  abound  are 
characteristic,  such  as 

Dentalium  (Ditrupa)  planum.  Panopea  intermedia. 

Pectunculus  brevirostris.  Rostellaria  Sowerbii. 

Turritella  imbricataria.  Pholadomya  margaritacea. 

In  the  750  feet  of  varied  and  brilliantly  coloured  strata  between 
this  stratum  and  stratum  "  B  "  at  Alum  Bay,  no  animal  remains  have* 
I  believe,  yet  been  found.  Traces  of  vegetable  matter  in  the  shape 
of  lignite,  and  some  few  impressions  of  leaves  are  however  common  {• 

Without  a  careful  examination  of  this  part  of  the  series  at  various 
points  in  its  range  from  Alum  Bay  to  White  Cliff  Bay,  it  would  be 
premature  to  decide  whether  these  beds  thin  out  or  whether  they 
become  fossiliferous,  and  are  represented  by  strata  Nos.  5  to  about 

16  at  the  latter  place  §•  This  is  a  point  which,  if  I  could  have  found 
leisure,  T  had  purposed  to  investigate  more  fully ;  I  beg  however  to 
direct  attention  to  it  as  one  of  considerable  interest 

*  The  species  enumerated  by  Mr.  Bowerbank  (GeoL  Tr.  2nd  Ser.  voL  vi.  p.  172) 
are  as  follows : — 

Venericardia  planicosta.  Nacula  amygdaloides. 

margaritacea.  Turritella  conoidea. 

Mya  (Panopea)  intermedia.  elongata. 

Oftrea,  sp.  edita. 

Venust  sp.  Murez  innexus. 

Cardium  semigranulatum.  Bucdnom  desertnm. 

Nucula  similis. 
He  also  mentions  that  be  found  a  well-preserred  specimen  of  the   Cancer 
LeaehUt  and  I  have  since  seen  in  his  collection  the  Cardium  iemittnatumf  Na* 
tiea  UUfeUata,  Ro$iellaria  Sotterbii,  R,  rimota,  and  two  species  tii  Pleurotoma, 

t  Since  tbe  ahove  was  written  they  have  been  ftilly  noticed  by  Prof.  E.  Forbes 
and  C^.  Ibbetson ;  and  a  notice  concerning  them  was  read  at  the  York  meeting 
of  the  British  Association. 

X  Mr.  Pratt  has  recently  obtained  some  beautiful  impressions  of  leaves  in  abed 
of  white  and  red  cUy,  corresponding,  as  well  as  I  can  make  out,  wHh  the  stratum 

17  of  my  section. 

.   §  The  latter  case  is  the  more  probable. 
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In  the  greensands  and  brown  clays  of  stratum  "  B  "  at  Alum 
Bay  organic  remains  abound,  disp)ersed  in  distinct  masses  and  groups. 
The  lower  part  of  the  stratum,  where  it  is  much  mixed  with  green- 
sand,  contains  very  few  shells  with  some  vegetable  remains.  At 
about  twenty-seven  feet  from  the  bottom  the  clay  becomes  almost 
free  from  greensand,  and  contains  numerous  patches  of  the  small 
Nummulites  elegans.  Above  these  the  Corbula  pisum  abounds. 
The  clay  then  again  passes  into  a  clayey  greensand,  a  change  ac- 
companied by  the  almost  entire  disappearance  of  organic  remains. 
•A  layer  of  Septaria  and  small  flint  pebbles  then  form  an  abrupt  line 
of  separation  to  a  dark  grey  clay  full  of  fossils,  of  which  the  principal 
are  Pleurotoma  colony  Valuta  luctator,  Fusus  longavusy  Conus  dor- 
mitor  and  Nummulites  UBvigatus.  The  fossils  again  become  scarcer 
in  ascending,  occurring  only  in  irregular  patches,  and  almost  disap- 
pearing before  the  top  of  the  stratum  is  reached. 

The  other  fossils  of  this  stratum  *<  B  **  are  well-known  as  common 
London  clay  species,  and  need  not  here  be  enumerated.  In  addition 
to  the  usual  species  I  may  however  mention,  that  I  found  one  speci- 
men of  the  Cyrena  obovata^  and  a  Spatangus  resembling  the  large 
one  of  the  calcaire  grossier  (see  description  of  Plate). 

At  White  Cliff  Bay,  where  the  non-fossiliferous  strata  are  limited 
to  the  sands  No.  5,  about  100  feet  thick,  we  And  a  great  vertical 
development  of  animal  life,  corresponding  however  only  in  part  with 
that  of  stratum  **  B  "  at  Alum  Bay.  At  Alum  Bay  its  vertical 
range  is  about  250  feet,  and  the  species  are  not  much  grouped ; 
whereas  at  White  Cliff  Bay  its  vertical  range  is  about  600  feet,  and 
the  species  are  for  the  most  part  distinctly  grouped,  forming  frequent 
bands  of  the  Venericardia  planicostatay  Turritella  imbricataria  and 
Ottrea*  The  Venericardia  and  Turritella  abound  in  the  centre  of 
tjiis  group,  in  one  part  of  which  also  Foraminifera  are  common,  and 
ID  one  part  of  it  I  have  found  a  few  Miliolites  resembling  the  M. 
saxorum  of  Lamarck  (  Trinocularta^  D'Orb.)  and  some  Gyrogonites. 
The  following  are  among  the  species  1  obtained  from  these  strata : — 

Venericardia  planicostata.  Solen  obliquus. 

globosa.  Fusus  longsvus.    . 

Turritella  sulcifera.  Calyptraea  trochiformis. 

Nummulites  elegans.  Corbula  pisum. 

laevigata.  Turbinolia  sulcata, 

Nucula  similis.  Pyrula,  I  ep. 

Sanguinolaria  Hollowaysii.  And  a  Natica  and  Cerithium  of  tlie 

Pecten  comeus.  same  species  as  occur  in  the  over- 

Ostrea  flabellula.  lying  freshwater  deposits. 

Mr.  Bowerbank  was  the  first  to  notice  the  fossils  of  these  beds, 
which  he,  I  tbink,  justly  considers  to  be  theequivalent  of  theBiack- 
lesham  Bay  strata,  from  which  he  and  Mr.  Edwards  have  procured 
a  much  larger  and  a  very  beautiful  series  of  fossils.  The  upper 
beds  of  this  division  corresponding  with  stratum  "  B"  of  Alum  Bay 
are  most  indistinctly  exposed  at  White  Bay,  and  have  yielded  fewer 
fossils:  consequently  the  fauna  above-mentioned,  occurring  low 
down  in  this  division,  must  not  be  considered  the  equivalent  in  time 
of  that  at  Alum  Bay,  where,  as  at  Barton,  the  large  development  of 
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organic  remains  is  in  the  top  beds  of  this  group.  At  Alum  Bay 
these  clays  are  succeeded  by  about  150,  and  at  White  Cliff  Bay 
by  about  200  feet  of  sands,  in  which  no  organic  remains  have  yet 
been  found  at  either  place. 

We  next  arrive  at  a  series  of  considerable  interest  formed  at 
Alum  Bay,  or  rather  Headon  Hill,  by  a  group  of  green  marls  and 
earthy  limestones,  about  150  feet  thick,  containing  in  its  lower  part 
but  very  few  fossils,  apparently  only  a  few  Cytherea  incrassata ;  but 
in  the  upper  part  it  is  full  of  Planorbis  obtusus,  Limrusa  fusifomm 
and  Mdanopsis  carinata,  and  the  other  shells  of  the  so-termed  lower 
freshwater  formation. 

At  White  Cliff  Bay  this  series  attains  a  thickness  of  about  300  feet, 
and  is  characterized  by  singular  groups  of  fossils.  In  the  lowest  bed 
we  find  the  VoltUa  spitiosa,  and  another  species  of  VoliUa,  OstreaJiO' 
bellula,  Natica  sigaretina,  Pleurotoma  colon,  Cytherea  incrassata^ 
Cah/ptrcea  trochiformis^  and  other  London  clay  and  marine  species, 
associated  with  the  Cyrena  obovata,  Fususlabiatus^  Melaniafttsciala^ 
Neriiina  concava,  Potamides  acutuSy  and  Paludina  lentOy  species 
common  to  many  of  the  overlying  beds- 

Next  follow  strata  Nos.  23  and  24,  containing  fewer  marine  and 
more  estuary  and  freshwater  shells,  but  still  with  the  same  charac- 
teristic species  of  Voluia,  Turritdla^  Fusus^  Cyrena^  Potamides  and 
Paludina. 

The  marine  species  gradually  disappear,  and  we  find  stratum 
No.  26  characterized  by  the  Melania  fascicua  and  Cyrena  obovata. 

In  Nos.  27  to  30  occur  the  Potamides  acutus,  Cyrena  obovata^ 
Paludina  lentay  and  Potamomya  plana. 

And  in  the  marls  and  limestones,  Nos.  31  to  35,  ending  the  series, 
the  organic  remains  are  almost,  if  not  altogether,  freshwater;  they 
consist  almost  entirely  of  several  species  of  the  Limntea  and  Pla* 
norbis. 

At  Headon  Hill  this  division  is  succeeded  by  about  twenty  feet 
of  marl  (No.  60.  PI.  IX.),  with  rounded  flint  pebbles,  and  contain- 
ing 

Fu8U8  labiatus.  Neritina  concava. 

Melania  fasciata.  Melanopsis  fiisiformis. 

Potamides  or  Cerithium,  several  sp.       Cyrena  obovata. 
Ostrea.  Corbula. 

Natica  or  Ampullaria.  Nucula, — and  many  others  (see 

p.  246). 

The  following  characteristic  species  will  serve,  I  think,  to  identify 
stratum  36,  at  White  Cliff  Bay,  with  this  so-called  upper  marine  of 
Headon  Hill.     Here  also  the  beds  are  slightly  conglomerate. 

An  Ostrea — ^the  same  as  that  Melania  fasciata. 

which  abounds  at  Colwell  Bay.  Neritina  concava. 

Potamides  cinctus.  Melanopsis  fosiformis. 

These  are  the  most  abundant  species  in  these  strata,  but  many  other 
species  occur,  of  which  a  large  portion  are  yet  undescribed. 

At  Headon  Hill  this  bed  is  overlaid  by  a  series  of  nearly  200  feet 
of  marls  and  earthy  limestones,  containing  principally  the 
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Paludina  lenta.  Limuaea  longiscata. 

Cyrena  obovata.  PlanorbU  euomphalus. 

cuneiformii.  obtusus. 

Potamides  concavus.  Melanopsis. 

ventricosus.  Melania  fasciata. 

cinctus. 

and  at  White  Cliff  Bay  by  100  feet  of  clays  and  marls  containing 
also  almost  exclusively  the  Paludina  lerUa,  Melanopsis  carinata^ 
Melania  fasciata  and  Cyrena  obovata,  and  only  a  few  specimens  of 
LwifUBa  and  PlanorHs, 

At  Headon  Hill  I  found  in  one  of  the  limestones  of  this  series 
(No.  69)  a  few  teeth  and  bones.  The  former  have  been  identified 
by  Professor  Owen  as  belonging  to  the  Pakeolherium  crasmm  and 
P.  medium. 

Some  of  the  bones  were  those  of  the  Turtle,  remains  of  which  I 
met  with  also  in  stratum  No.  74  of  Headon  Hill. 

The  distribution  of  the  organic  remains  of  this  division  will  be 
more  fully  noticed  at  the  end  of  this  paper  *. 


In  introducing  local  subdivisions  and  groups  it  may  be  convenient 
not  only  to  consider  the  strata,  with  regard  to  their  palseontological 
and  lithological  characters,  but  also  to  attend  to  those  traces  of 
minor  disturbances  effected  during  their  accumulation,  which  may 
often  usefully  serve  as  lines  of  separation  to  the  different  groups. 
Inasmuch  also  as  the  effects  resulting  from  these  minor  disturbances 
afford  evidence  of  greater  or  lesser  changes  in  the  hydrographical 
condition  of  the  district  during  the  period  when  the  formations  were 
in  course  of  accumulation,  making  slight  breaks,  but  not  destroy- 
ing the  continuance  of  like  genera  and  species,  although  modifying 
their  distribution,  they  may,  I  think,  conveniently  serve  as  points 
of  division  in  the  series.  This  is  more  especially  the  case,  since 
these  disturbances  having  been  greater  in  one  part  than  in  another, 
the  changes  effected  necessarily  differ  in  importance,  the  condition 
of  the  fauna  varying  in  the  ratio  of  the  amount  of  change,  of  which 
the  effects  are  likewise  almost  always  more  or  less  visible  in  the 
lithological  character  of  the  beds. 

There  has  been  great  difference  of  opinion  with  regard  to  the 
theoretical  arrangement  of  the  tertiary  series  of  the  Isle  of  Wight ; 
some  agreeing  with  Mr.  Webster  (to  whom  we  are  indebted  for  the 
first  systematic  attempt  at  classification),  that  they  can  be  divided 
into  **  sands  and  plastic  clays  and  London  clay,  with  two  freshwater 
and  one  upper  marine  formations;**  others,  on  the  contrary,  con- 
tending tha(  all  the  members  of  the  lower  part  of  the  series  alternate, 
rendering  a  division  into  London  and  Plastic  clays  impracticable,  and 
considering  that  the  upper  freshwater  and  marine  strata  also  alter^ 
nate. 

Now  I  do  not  think  that  Mr.  Webster  intended  to  separate  the 
plastic  and  London  clays  into  two  formations,  as  we  now  understand 

*  See  also  the  sections  and  their  explanations  at  p.  252.  In  the  preceding 
paragraph  only  the  general  grooping  and  most  marked  phsenomena  are  noticed. 
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the  word.  He  merely  gave  them  as  two  divbions  of  the  same  for- 
matioQ,  the  former  always  underlying  the  latter  and  exhibiting  a 
distinct  character ;  and  in  tliis  view  I  fully  agree  with  him.  He 
was  doubtful  however  where  the  line  of  separation  should  be  drawn, 
and  hesitates  where  to  place  the  brown  clay  stratum  '^  dr  In  litho- 
logical  character  he  found  it  resemble  the  London  clay,  but  its  or- 
ganic remains,  which  he  distinctly  notices^  he  considered  as  resembling 
those  of  the  Woolwich  beds.  In  fact,  in  his  accounts  of  the  tertiary 
formations  of  the  Isle  of  Wight,  both  in  the  work  of  Sir  Henry  En- 
glefield  and  in  the  Transactions  of  the  Geological  Society,  he  has 
well  and  ably  described  the  geology  of  Alum  Bay  and  Headon  Hill» 
and  soundly  established  such  subdivisions  as  the  then  existing  state 
of  our  palseontological  and  stratigraphical  knowledge  warranted. 
He  proposed  no  ^xed  and  positive  system,  but  rather  pointed  out 
the  analogies  of  the  series  with  the  classification  then  recently  in- 
troduced by  Cuvier  and  Brongniart  into  the  Paris  basin,  and  left  it 
to  be  modified  and  completed  as  further  observations  might  render 
necessary. 

I  purpose  to  restrict  the  term  plastic  clay  solely  to  the  mottled 
clays  (which  term  would  probably  be  preferable)  marked  ••  6  "  at 
Alum  and  White  Cliff  Bays.  They  are  in  both  instances  separated 
from  the  chalk  only  by  a  layer  of  a  few  feet  of  sand,  pebbles,  and 
large  green-coated  fiints ;  but  this  bed,  though  unimportant  here,  is 
the  representative,  as  I  hope  to  show  on  a  future  occasion,  of  import- 
ant fossiliferous  beds  at  the  east  of  the  London  basin,  and  at  the  north 
and  east  of  the  Paris  basin.  This  layer  may  be  called  the  lower 
sands.  It  is  singular,  that  of  all  the  varied  beds  of  the  tertiary 
series  of  England  and  France,  the  most  persistent  in  its  range,  the 
most  uniform  in  its  composition,  and  the  most  regular  in  its  organic 
remains  (at  present,  I  believe,  it  is  only  known  to  exhibit,  and  that 
rarely,  traces  of  vegetable  remains),  are  these  mottled  plastic  clays. 
The  whole  of  the  beds  below  stratum  ''  B  "  at  Alum  Bay  have  been 
considered  as  a  great  development  of  the  limited  series  of  sands  and 
chys  exhibited  under  the  London  clay  at  Woolwich,  Lewisham,  &c; 
I  do  not  however  think  that  their  synchronism  can  be  maintained ; 
it  is  limited,  I  conceive,  to  the  lower  part  only  of  Alum  Bay.  Cu- 
vier partly  limited  the  term  *'Argile  plastique"  to  the  variable 
and  mottled  clays  without  fossils  occurring  very  generally  below  the 
'*  Calcaire  grossier."  The  lignites  and  fossiliferous  clays  which  oc* 
casionally  intervene  between  this  and  the  calcaire  grossier  he  con- 
siders as  subordinate,  and  designates  them  *'  fausses  glaises."  M. 
d*Archiac  makes  the  clays  and  lignites  together  subordinate  in  his 
first  and  lowest  group  of  the  Eocene  formations. 

In  France  the  geological  position  of  these  clays  is  constant  over 
the  larger  portion  of  the  Paris  basin.  It  is  represented,  I  conceive, 
solely  by  stratum  ^*  b"  in  the  Isle  of  Wight,  and  underlies  the  whole 
of  the  London  basin  west  of  London,  ranging  north  to  Hertford  and 
Bishops  Stortford.  The  uniform  absence,  or  at  all  events,  the  ex- 
treme rarity  of  animal  remains  in  this  division  throughout  its  entire 
range,  is  a  singular  feature.    The  reasons  for  assuming  the  synchnn 
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nisin  of  these  oon-fo8siliferou8  beds,  and  for  limiting  this  subdivision 
to  the  lower  portion  only  of  the  Alum  Bay  section,  will  be  shown  more 
fully  in  treating  of  stratum  <*  <2.** 

In  the  meantime  I  beg  to  refer  to  the  accompanying  sections. 

The  first  of  these  (2)  is  a  general  section  of  the  Paris  basin, 
viewed  with  reference  to  the  maximum  development  of  marine  con- 
ditions in  the  lower  groups,  as  being  the  conditions  approximating 
the  most  closely  to  those  of  the  Hampshire  basin.  In  this  diagram 
the  divisions  are  taken  from  Brongniart  and  Cuvier,  D'Archiac* 
Constant  Prevost,  Ch.  d'Orbigny,  &c  and  the  strata  are  repre- 
sented of  the  average  thickness  on  a  scale  of  one  inch  to  a  huudred 
feet. 

S.  Sbctioiv  between  KiitoscLnB  and  HuMonroKD  ** 


Chalk.  1    s         S      4,5   fi 

The  next  diagram.  No.  S,  drawn  on  the  same  scale,  shows  the 
extension  of  the  mottled  clays,  in  diminished  importance,  at  the 
western  extremity  of  the  London  basin. 

4.  Section  between  Basimgstokb  and  Odiham  *. 


ft.  Sbgtiom  near  HsmTroEO  *. 

No.  4  shows  the  same  divi-  _  __^,^^^^      --a  q 

sion  in  greater  thickness  at  a  ^  A_^^^^^^^^^^g 

point  in  the  London  basin  fur-  ^PBBI^^HI^H  ' 

ther  to  the  east ;  while  No.  5  ^  ^SBfUmOBS^  ^ 

shows   that    these    beds  also  ^  ji !  i  |r;i;T;i4i;i.;j.;- chaik. 

range  in  the  northern  part  of  <  \  .  ^  Wh  ' ' '  i^  !■  '■ 
the  basin. 

The  "  lower  sands  "  and  the  **  mottled  clays  "  with  the  thin  over- 

*  The  references  in  these  diagrams  are  as  follows : — 
6.  Bognor  beds.  3.  Mottled  clays. 

5.  Pebble  beds ;  frequently  2.  Sand. 

with  ironsand.  1.  Conglomerate  of  flints,  green  and 

4.  Sands  (light-coloured).  ochreons  sand. 

The  Bognor  beds  in  (3)  consist  of  brown  and  dark  clays  with  Pmupaa  mier* 
media,  Pectuncuku  brtviro9trU  and  DeniaHium  planum.  In  (4)  they  are  brown 
or  reddish  clays,  and  contain  Pholadomya  margaritaeea,  Vermetui  Boj^norentit 
and  DentaUum  planum.  In  (5)  they  are  brown  sandy  days  with  Peehmemku 
kremroitria  and  Pauop^Ba  intermedia. 

It  seems  ptfrred  by  the  distinct  superposition  of  these  beds  that  all  of  them  are 
of  the  same  age ;  namely,  that  of  the  lower  group  in  the  Isle  of  Wight. 
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lying  bed  of  sand  '^c**  at  Alum  Bay,  may  be  considered  as  the  first 
and  lowest  group  of  the  Eocene  strata  of  the  Isle  of  Wight  (PI.  IX.). 
They  appear  to  me  to  mark  a  distinct  period  in  the  hydrographical 
condition  of  the  tertiary  epoch.  Similar  causes,  judging  from  like 
results,  were  then  evidently  in  operation  over  the  greater  part  of  the 
Pbris,  Isle  of  Wight  and  London  basins.  Whether  the  condition  in 
the  Isle  of  Wight  basin  were  a  deep  sea-bottom  or  shallow  waters,  or 
whether  the  strata  were  accumulated  rapidly  or  slowly,  there  is  no 
evidence  here  to  decide. 

A  careful  examination  shows  that  the  surface  of  the  upper  thin 
•and  **  c  '*  of  the  last  group  at  Alum  Bay  has  been  worn  and  eroded, 
but  in  a  much  less  degree  than  the  surface  of  the  chalk,  by  the  ac- 
tion of  water,  and  that  on  it  are  deposited  strata  difiering  both  in 
lithological  character  and  in  their  fauna  from  the  preceding  group, 
and  indicating,  by  its  underlie  of  coarse  sand  and  large  rounded 
flint  pebbles,  a  considerable  and  sudden  increase  in  the  transporting 
powers  of  the  water. 

The  organic  remains  of  this  division  are  extremely  well-charac- 
terized, and  form  in  the  Isle  of  Wight  and  London  basins  an  excel- 
lent geological  horizon.  Mr.  G.  Sowerby,  as  well  as  Mr.  Bower- 
bank,  have  noticed  the  f  )ssils  of  this  bed  as  being  well-known  Lon- 
don clay  fossils,  and  so  far  back  as  1822  Prof.  Sedgwick  thought 
that  they  resembled  the  fossils  of  the  Bognor  rocks.  Dr.  Mautell 
and  Mr.  W.  Parish  have  enumerated  30  or  32  species  of  fossils  from 
the  Bognor  rocks.  Of  the  20  species  I  have  found  in  stratum  *'  d  '*  at 
Alum  Bay,  15  agree  with  those  from  Bognor.  They  include  the 
most  typical  forms  and  groups,  such  as  a  species  of  Pholadoniya^ 
the  PanopcBa  intermedia^  Pinna  qffinis,  Pectunculus  hrevirostrisj 
Dentalium  planum y  Vermetus  Bognarensis  and  Rostellaria  Soto- 
erbii.  If  the  preceding  mottled  clays  maintained  a  striking  con- 
stancy of  lithological  character  over  a  very  wide  area,  these  Bognor 
beds  present  a  no  less  remarkable  constancy  in  their  palaeontological 
character  in  the  Hampshire  and  London  basins.  The  fossils  above 
enumerated  characterize  them  equally  at  Alum  Bay,  Bognor,  Ba- 
singstoke, Newbury,  Sunning,  Watford,  Hertford,  and  many  other 
places  in  the  neighbourhood  of  London.  See  sections  3,  4  and  5, 
ante^  p.  235. 

The  uniformity  of  characters  prevailing  in  the  first  divisions  of 
sands  and  mottled  clays,  which  form  the  base  of  the  tertiary  forma- 
tions throughout  large  areas  of  the  Paris,  Hampshire  and  London 
basins,  indicating  a  widely-spread  and  continuous  sea,  and  suggest- 
ing the  origin  of  the  detritus  to  have  been  probably  from  few  and 
like  sources,  ceases  at  the  end  of  that  period,  after  which  the  in- 
creasing variety  of  the  synchronous  strata  in  the  different  basins 
proves  the  increasing  disruptions  and  severance  in  the  original  con- 
nexion. Whatever  may  have  been  the  depth  and  character  of  the 
waters  at  this  epoch  in  the  Isle  of  Wight  basin,  a  subject  that  we 
shall  be  able  to  enter  upon  more  fully  in  treating  of  the  important 
fossiliferous  beds  of  this  age  in  the  north  of  France  and  south-east 
of  England,  that  a  sudden  change  of  some  importance  took  place  is 
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evidout ;  first,  from  the  considerably  increased  transporting  power 
of  the  waters  for  a  short  time,  the  result  of  which  has  been  to  cover 
large  areas  of  the  London  and  Hampshire  basins  with  a  layer  of 
from  six  inches  to  three  or  four  feet  thick  of  rolled  flint  pebbles, 
varying  in  size  from  a  pea  to  an  egg ;  secondly,  from  the  sudden 
appearance  (without  transition  or  alternation)  of  a  lithological  struc- 
ture not  exhibited  in  any  of  the  underlying  tertiary  strata,  and  evin- 
cing by  its  continuance  the  permanent  nature  of  the  change ;  and 
thirdly,  by  the  presence  of  a  distinct  group  of  organic  remains  dif- 
fering considerably  from  that  of  the  beds  below. 

On  examining  the  fossils  of  the  Bognor  beds  at  Alum  Bay,  it  will 
be  noticed  that  the  deep-sea  mollusca  are  absent ;  and  that,  on  the 
contrary,  their  most  characteristic  and  widely-spread  genera  form  a 
group  indicating  marine  waters  of  very  moderate  and  tolerably  uni- 
form depths  (e.  g.  Pinna,  Vermetus,  CatyptrtBa,  Panop<Bay  Phola- 
damya,,  TurriteUa,  &c.). 

Sir  Henry  De  la  Beche,  in  his  •  Theoretical  Geology,'  assigns,  on 
the  authority  of  Mr.  Broderip,  a  depth  not  exceeding  about  twelve 
to  sixteen  fathoms  to  the  genera  constituting  this  group ;  and  Prof. 
E.  Forbes,  in  his  Report  on  the  Testacea  of  the  £gean  Sea,  gives 
further  evidence  to  the  same  point ;  whence  we  may  assume  the 
predominating  littoral  and  shallow-sea  character  of  the  testacea  of 
this  period.  At  the  same  time  all  the  genera  are  essentially  marinci 
unless  we  except  the  Ostrea  and  Cerithium,  which  also  inhabit  estu- 
aries ;  but  as  the  species  of  these  genera  occurring  in  this  division 
are  found  so  constantly  associated  with  well-known  and  essentially 
marine  families,  their  presence  does  not  invalidate  the  argument 
The  weight  of  evidence  is,  I  think,  so  far  as  the  Hampshire  basin 
is  concerned,  in  favour  of  these  beds  having  been  deposited  in  an 
open  and  not  a  deep  sen ;  whence,  as  these  beds  are  here  from 
200  to  300  feet  thick,  and  they  are  further  overlaid  by  a  great  thick- 
ness of  other  marine  strata,  it  follows  that  to  have  retained  a  con- 
stant fauna  throughout  so  considerable  a  vertical  range,  the  con- 
ditions under  which  they  were  formed  must  have  changed  progres- 
sively in  adaptation  to  the  prolonged  existence  of  the  same  animal 
life.  If  therefore  these  Bognor  beds  exhibit  throughout  nearly  their 
entire  thickness  a  group  of  testacea,  indicating  a  sea-bottom  not 
often  attaining  a  depth  of  thirty  to  forty  fathoms,  and  averaging 
more  probably  not  more  than  ten  to  twenty  fathoms,  this  would 
clearly  be  insuflicient  for  the  accumulation  of  the  mass  of  detritus 
necessary  to  form  strata,  which  when  desiccated  are  200  to  300  feet 
thick.  At  the  same  time  their  lithological  character  denotes  a  tran- 
(]uil  and  uniform  deposit  during  some  length  of  time :  and  as  the 
evidence  of  fossils  proves  that  the  condition  of  animal  life  was  simi- 
lar at  the  end  to  that  which  existed  at  the  commencement  of  this 
period,  it  follows  that  there  must  have  been  throughout  its  duration 
a  quiet  and  gradual  subsidence  of  the  bed  of  the  sea,  immediately 
preceded,  as  before  mentioned,  by  a  disturbance  sufficiently  powerful 
and  sudden  partially  to  interrupt  the  continuity  of  deposit  with  the 
Paris  basin,  a  circumstance  rendering  the  recognition  of  the  foreign 
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equivalents  of  the  Bognor  beds  more  difficult  than  with  the  preceding 
division. 

In  the  third  division  of  his  first  group  of  '  Sables  inf^rieurs '  M . 
d*Archiac  places  an  irregular  and  variable  deposit,  termed  by  him 
'Gr^  et  poudingues,*  and  consisting  of  siliceous  sands,  imperfect 
sandstones  and  pebble  be<ls,  which  immediately  overlie  the  *  Argile 
plastique '  and  lignites.  These  conglomerate  beds  are  overlaid  suc- 
cessively by  three  other  divisions,  which  complete  hb  first  group  of 
the  Eocene  strata,  a  group  succeeded  by  the  'Glauconie  grossiere'  and 

*  Calcaire  grossier,'  which  he  places  in  his  second  group  (section  p. 
234).  The  three  divisions  above  named  he  terms,  in  ascending  order, 

*  Sables  divers,*  *  Lits  coquilliers,'  and  '  Sables  et  glaises.'  They 
consbt  of  a  very  irregular  mixture  of  siliceous  and  calcareous  sand, 
concretions  and  imperfect  earthy  impure  limestones,  with  frequent 
greenscmds  and  a  good  deal  of  clay.  These  beds  pass  one  into 
another,  rarely  occur  together,  and  are  very  irregular  in  their  range 
and  thickness.  Taking  the  base  of  the  Bognor  beds  as  the  diverging 
point  in  the  mineral  composition  of  the  Paris  with  the  Hampshire 
and  London  basins,  it  will  be  observed,  that  in  the  ascending  series 
calcareous  sands  and  limestones  predominate  in  France,  and  argilla- 
ceous beds  in  England.  It  is  not  however  until  a  later  period  that 
the  lithological  characters  present  their  greatest  dissimilarity. 

The  four  above-mentioned  divisions  (3  to  6,  section  p.  234)  of 
M.  d'Archiac's  lowest  Eocene  group  do  not  hold  in  the  English 
series ;  but  it  is  probable  that  taken  together  they  are  represented 
partly  by  the  Bognor  beds.  This  appears  to  be  the  case  for  several 
reasons.  In  the  first  place  the  superposition  is  in  the  same  order. 
Secondly,  the  commencement  of  both  series  indicates  some  change 
and  disturbance  in  the  Eocene  seas.  Thirdly,  some  similarity  of 
mineral  structure  is  traceable,  and  this  in  a  somewhat  marked  manner, 
since  the  calcareous  and  sandy  character  of  these  beds  at  Bognor  is 
well-known,  and  at  White  Cliff  Bay  they  contain  much  greensand ; 
whilst  in  France,  in  contrast  with  the  general  character  of  the  French 
marine  Eocene  strata,  they  are  also  much  mixed  with  greensands,  yel- 
low and  brown  clays,  which  frequently  form  compact  and  tenacious 
beds,  and  give  rise  to  numerous  springs  from  the  percolation  of  water 
through  the  sands  and  limestones  of  the  calcaire  grossier.  It  is  also 
probable,  fourthly,  by  the  analogy  of  organic  remains ;  for  notwith- 
standing that  the  fauna  of  the  Bognor  beds  in  England  is  very  limited 
in  species,  it  everywhere  presents  a  very  typical  and  constant  group 
of  fossils.  In  France  the  series  is  more  developed  than  in  England, 
and  the  organic  remains  are  confined  almost  exclusively  to  the  5th 
division,  viz.  the  '  Lits  coquilliers,'  a  deposit  almost  as  rich  in  fossils 
as  the  calcaire  grossier.  Most  of  the  species  are  the  same  as  those 
found  in  the  calcaire  grossier ;  but  those  which  are  distinct  are  in 
sufficient  number  to  entitle  the  bed  to  be  considered  as  a  separate 
division.  M.  d'Archiac*  enumerates  197  species  from  the  *  Lits 
coquilliers,'  and  describes  twenty  seven  of  them  as  characteristic  of 

*  M^m.  de  la  Soc  G^l.  de  France,  vol.  v.  p.  268. 
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these  beds.  iVf.  Mel1eville*s*  distinctions  are  still  more  positive. 
I  do  not  pretend  to  say  that  the  Bognor  beds  are  the  exact  equiva- 
lents of  the  *  Lits  coquilliers' ;  but  as  these  latter  exhibit  a  varied  and 
large  marine  fauna  in  part  peculiar  to  the  lower  Eocene  group  ii| 
France,  so  in  England  do  the  Bognor.  beds  maintain  a  fauna, 
certainly  more  restricted,  but  nevertheless  equally  distinctive  and 
characteristic  of  that  epoch. 

As  before  mentioned,  the  Hampshire  series  exhibits  a  group  of 
genera  rich  in  individuals,  but  few  in  species,  such  as  Vermetus, 
Pinna,  Pholadomt/a,  &c^  indicating  a  marine  littoral  or  a  shalloW 
sea  deposit.  The  French  beds,  on  the  contrary,  in  the  north  and 
north-east  of  the  Paris  basin  (in  the  central  and  southern  districts 
this  group  thind  out),  contain  many  more  genera,  mostly  rich  in 
species,  and  show  an  admixture  of  freshwater  shells  of  the  genera 
Melanopsis  and  Paludina  with  numerous  estuary  shells,  such  as 
Ceriihium,  Ampullaria^  Cyrena^  &c.,  associated  with  marine  forms, 
many  of  them  inhabiting  greater  depths  than  those  found  in  the 
Bognor  rocks.  As  we  have,  therefore,  evidence  of  conditions  varying 
from  a  river-mouth  to  a  tolerably  deep  sea-bottom,  it  follows  that, 
from  the  more  numerous  zones  of  depth  thence  resulting,  we  might 
expect  a  greater  variety  of  testacea  than  we  meet  with  in  the  more 
uniform  shallow  sea  deposit  of  the  Bognor  rocks.  As  corroborating 
this  view  of  the  influx  of  fresh  waters  into  a  sea,  for  the  most  part 
shallow,  may  be  noticed  an  interesting  fact  mentioned  bv  Professor  E. 
Forbes  in  his  Report  on  the  Invertebrata  of  the  ^gean  Seaf ,  namely, 
that,  with  few  exceptions,  individuals  of  the  same  species  are  there 
dwarfish  compared  with  their  analogues  in  tiie  Western  Mediterra- 
nean, and  he  attributes  this  fact  to  the  idAux  of  the  brackish  waters 
of  the  Black  Sea.  Now  the  very  same  result  is  observable  in  the 
*Lits  coquilliers';  for  M.  d'Archiac,  in  his  valuable  paper  on  the 
Geology  of  the  D^partement  de  TAisne  (M6m.  de  la  Soc.  G60I.  de 
France,  vol.  v.  p.  271),  states  that  they  are  distinguished,  not  only 
by  distinct  fossils  but  by  varieties,  constantly  smaller,  of  species  oc- 
curring in  the  calcaire  grossier. 

Of  the  species  of  testacea  found  in  the  Bognor  beds  in  Hampshire 
and  Sussex  (thirty  to  thirty-two  in  number),  the  following  eighteen 
occur  in  the  '  Lits  coquilliers*  and  '  Sables  inf6rieurs' }: — 

Anomia  lineata,  Saw.  (?  A.  tenuistriata,  Globulas  Bigaretiniu,  Sow.  (Natica  ti- 

Unm.)  garetina,  Drf.) 

Cassidaria  carinata.  Lam.  InAmdilrolum  trochiforme,  Sow.    (Ca- 

Fiitiia  rogosus.  Lam.  ?  Ijrptrea  trochiformis,  var.  Lam.) 

*  Annales  des  Sciences  Geologiques,  vol.  ii. 

t  Report  of  Brit.  Assoc.  1843,  p.  152. 

X  One  of  the  most  constant  and  characteristic  fossils  of  the  lower  beds  of  the  '  Lits 
coquilliers '  is  the  Nummuliteg  planulatut  of  M.  d'Archiac  {N.  elegant^  Sow.). 
Another  characteristic  species  is  the  Bj/roniia  laudinentis.  In  this  country  they 
have  only  been  found  higher  in  the  series,  and  the  latter  is  common  at  Bracklet- 
ham ;  but  this  at  present  is  an  anomaly.  The  Panopaa  intermediat  a  character- 
iftic  species  from  the  Bog:nor  beds,  is  I  believe  identical  with  the  Corhula  dubia 
of  Deshayes,  a  fossil  of  this  series  in  France. 

VOL.  II. PART  I.  R  ' 


840  t>ROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Feb.25; 

NiicuU8iinili8,&w.(N.margaritacea,Z^m.)  Teredina  antenautc,  Sow,  (T.  peno* 

Ottrea  flabellula.  Lam.  nata,  Lam.) 

Panop«a  intermedia,  Sow.  (?  P.  remensis,  Turritella  edita  and  T.  conoidea,  Sow, 

MeL,  Corbola  dubia,  Desk,)  (T.  imbricataria,  yar.  Lam,) 

Cardium  semistriatum,  Deth.  Yenericardia  planicostata,  var.  Lam* 

Pboladomya  margaritacea,  Sow.  (?  V.  Suessoneusis,  tTJreh,)* 

Pectunculua  pnWinatuB,  Lam.  Pleurotoma  undata,  Lam. 

Pinna  affinis,  Sow.  (P.  margaritacea,  Lam.)  Natica  labellata,  Lam. 
Pyrnla  tricostata,  Lam. 

Id  Belgium  also,  M.  Galeotdf  mentions  the  Pkoladomya  marga- 
ritaceoj  a  PectunctduSy  (apparently  P.  brevirostris)  Cassidaria  cart' 
ntUa^  a  CalyptnBa  and  a  Teredina,  as  occurring  amongst  the  fossils 
of  his  lowest  group  (systdme  inf^rieure). 

Combined  with  the  other  characters,  this  list  affords  strong  pre- 
sumptive evidence  that  the  '  Lits  coquilliers '  and  the  Bognor  beds 
are  members  of  the  same  group,  and  nearly  synchronous.  The 
number  of  species  common  to  the  two  is  considerable,  and  gives  a 
per  centage  equal  to,  or  greater  than,  that  of  the  species  common  to 
the  calcaire  grossier  and  the  London  clay.  The  difference  of  sea- 
bottom,  clays  predominating  in  the  one  and  calcareous  sands  in  the 
other,  would,  even  under  conditions  otherwise  similar,  develope  a 
somewhat  different  fauna.  At  the  same  time,  amongst  the  fossils 
found  in  this  group  in  England  and  France,  there  are  a  few,  such  as 
the  Pholadomya  margaritaceaj  Ostrea  bellovacina,  Rosteliaria  Saw- 
erbiiy  Pafiopaa  intermedia,  &c.,  which  rarely  or  never  occur  in  either 
country  in  any  of  the  overlying  strata;  but  as  some  of  these  species 
range  down  to  the  chalk  in  parts  of  the  Paris  basin,  further  evidence 
is  probably  necessary  before  we  can  draw  exact  parallels.  A  greater 
number  of  English  fossils  are  needed,  and  a  more  accurate  compa- 
rison of  the  species  of  the  two  countries  is  still  required,  but  there 
l^re  sufficient  indications  to  form  in  both  countries  a  lower  Eocene 
group  characterized  by  a  partially  peculiar  fauna;  and  whatever  may 
be  their  foreign  equivalents,  it  may  I  think  be  presumed,  that  the 
strata  Nos.4  to  6  at  Alum  Bay  and  Nos.  3  and  4  at  White  Cliff  Bay 
are  synchronous  with  the  Bognor  rocks,  forming  together  a  distinct 
and  well-marked  division.  (See  PI.  IX.  and  the  description  of  the 
plate  p.  252  et  seq.). 

It  may  be  objected  that  the  fossib  of  the  Bognor  rocks  are  those 
of  the  London  clay.  Some  few  of  them  no  doubt  are  so,  but  as  a 
group  they  are  perfectly  distinct  and  singularly  constant ;  and  it  is 
from  the  circumstance  of  these  two  divisions  occurring  in  common 
superposition  in  the  London  basin,  that  the  fossils  of  the  two  have 
been  constantly  given  without  distinction  as  London  clay  fossils^. 

Now  if  the  Bognor  beds  were  accumulated  in  a  shallow  sea, 
-any  additional  and  thick  marine  deposit  over  them  would  not  have 

*  I  have  since  seen  this  species  in  M.  d'Archiac's  collection.  It  appears  to  be 
identical  witb  the  species  I  have  found  in  tbe  Isle  of  Wight,  and  apparently  also 
•with  the  one  from  bognor. 

f  M^m.  de  TAcad.  Roy.  de  Bruxelles,  voL  xii. 

i  This  has  been  much  the  case  formerly  in  France  with  regard  to  the  '  Litt 
jooqailllers/  the  *  Glauconie  grossi^e/  the  lower  calcaire  grossier  and  the  upper 
«^caire  grossier,  and  renders  the  present  question  still  more  difficult  to  determine. 
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been  pructicable  without  a  further  hydrographical  change  ;  whereas 
at  both  Alum  Bay  and  White  Cliff  Bays  we  find  them  overlaid  by 
several  hundred  feet  of  marine  beds :  it  therefore  follows  that  a  con- 
siderable deepening  of  the  sea  must  have  taken  place  subsequent  to 
the  formation  of  the  Bognor  beds,  and  prior  to  or  during  the  accu- 
mulation of  the  overlying  sands  and  clays  forming  the  mass  of  the 
London  clay  in  the  Isle  of  Wight,  and  at  Bracklesham  Bay  and 
Barton. 

That  this  disturbance  was  of  grecUer  importance  than  any  of  the 
preceding  ones  in  the  Eocene  period,  is  evident  from  the  more  greatly 
altered  palaeontological  and  lithological  conditions  of  the  deposits. 
In  France  the  preceding  argillo-siliceous  system  is  succeeded  by  the 
well-known  calcareous  system  of  the  calcaire  grossier,  and  in  En- 
gland by  the  argillaceous  system  of  the  London  clay.  The  change 
however  is  not  sudden ;  the  lower  beds,  both  in  France  and  Hamp- 
shire, still  continue  to  exhibit  some  evidence  of  similar  origin,  and 
in  the  former  country  the  *  Glauconie  grossidre  *  underliei  the  cal- 
caire grossier ;  while  in  the  latter  we  find  at  the  Islex>f  Wight  a  like 
predominance  of  argillaceous  and  calcareous  greensandsiu  the  lower 
London  clay  beds. 

The  period  in  question  was  one  of  slow  but  considerable  transition ; 
and  as  such  it  is  characterized  by  coarse  drift  sands  and  variable 
strata,  resulting  from  the  repeated  change  of  land  and  sea  levels. 
Whether  the  whole  of  the  series  between  the  Bognor  beds  and  the 
Headon  Hill  sands  at  Alum  Bay  and  White  Cliff  Bay  are  synchro- 
nous, is  a  point  which  requires  for  its  elucidation  a  careful  examina^ 
tion  of  the  district  between  these  two  places.  I  think  it  is  probable 
however  that  they  will  be  found  to  be  so.  At  Alum  Bay  no  animal 
remains  have  hitherto  been  discovered  in  the  lower  part  of  this  series, 
although  at  W^hite  Cliff  Bay  they  abound ;  and  at  both  places  the 
remains  of  vegetables  and  plants  are  common.  Should  a  further 
palsontological  examination  confirm  the  view  that  the  Bognor  beds 
are  synchronous  with  the  *  Lits  coquilliers,'  then  the  superposition 
of  the  strata  between  them  and  the  upper  London  clay  will  agree 
with  that  of  the  glauconie  grossidre.  In  both  cases  the  action  of 
strong  currents  in  the  production  of  coarse  sand  and  gravelly  beds  is 
exhibited,  accompanied  always  by  more  or  less  green-coloured  sand. 
Although  perfectly  distinct  in  lithological  appearance,  the  fossils  of 
the  glauconie  grossiere  can  scarcely  be  distinguished  from  those  of  the 
lower  calcaire  grossier,  into  which  it  passes ;  and  of  these  two  divi- 
sions this  series  of  beds  in  the  Isle  of  Wight  may  therefore  prove  to 
be  the  equivalents,  although  in  greater  development.  The  Veneris 
cardia  planicostata,  TurrUella  suldfera  and  Nummidites  hBvigatus^ 
&c,  abound  alike  in  both  countries  in  the  coarse  sandy  lower  beds. 

It  is  notwithstanding  the  case,  that  in  this  lower  part  of  the  series 
the  number  of  species  at  present  found  in  the  Isle  of  Wight  is  not 
sufficiently  great  to  establish  an  extensive  comparison.  In  the  range 
of  these  beds  further  to  the  eastward  they  become  however  highly 
fossiliferous ;  for  although  their  superposition  is  not  exhibited, 
there  can  be,  I  think,  little  doubt  that  the  Bracklesham  Bay  beds 
belong  to  this  period,  as  the  mineral  composition  is  the  same ;  and 
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all,  or  almost  all,  the  fossils  which  occur  at  White  Clilf  Bay,  in  the 
strata  marked  9  to  11,  are  met  with  at  Hracklesham;  but  at  this 
latter  place  they  are  associated  with  numerous  other  species,  identi- 
cal for  the  most  part  with  those  of  the  glauconie  grossiere  and  lower 
calcaire  grossier.  More  than  sixty  or  seventy  species  have  already 
been  identified  as  common  to  the  Bracklesham  beds  and  the  calcaire 
grossier  (moyen),  and  Mr.  Edwards  and  Mr.  Bowerbank  are  daily 
adding  to  the  list*. 

In  addition  to  the  greater  vertical  range  of  organic  remains  in  this 
series  at  White  Cliff  Bay  than  at  Alum  Bay,  the  fauna  of  these  two 
localities  presents  some  differences  both  in  genera  and  species.  As 
the  superposition  is  however  identical,  the  beds  being  in  both  cases 
overlaid  and  underlaid  by  similarly  characterized  strata,  there  can 
i>e  little  doubt  of  their  synchronism ;  and  the  difference  of  the  faunas 
must  be  attributed  to  the  different  hydrographical  conditions  under 
which  they  were  accumulated. 

In  further  evidence  of  the  gradual  changes  in  operation  during 
this  period,  it  may  be  noticed,  that  in  the  London  clay  at  White 
CUff  Bay  and  Alum  Bay  we  meet  with  indications  of  those  fluvio- 
marine  conditions,  which  at  a  later  period  prevailed  in  fuller  deve- 
lopment ;  for  I  have  found  in  the  upper  London  clay  at  Alum  Bay 
the  "  Cyrenaohovata,''  and  in  the  same  division  at  White  Cliff  Bay 
the  ** Potamides  cincius,'*  or  if  not  that  species,  at  all  events  a  species 
identical  with  one  in  the  overlying  freshwater  deposits,  and  a  Natica 
or  Ampullaria  also  analogous  with  one  occurring  in  the  overlying 
beds.  Of  the  freshwater  depos?its  the  Cyrena  obovala  is  one  of  the 
most  characteristic  shells. 

Again  at  Alum  Bay  in  the  centre  of  stratum  No.  29  may  be  seen 
a  well-defined  line  of  separation,  marked  by  a  sudden  passage  from 
telayey  greensands  to  tough  brown  clays  accompanied  by  a  drift  of 
pebbles  underlying  the  latter.  These  two  divisions  of  stratum  No. 
29  are  also  marked  by  different  groups  of  testacea;  the  Peciunculus^ 
Semguinolaria,  Solen,  Pecten,  &c.  of  the  lower  division  being  suc-< 
ceeded  in  the  upper  one  by  Valuta,  Pleurotomoy  Conns,  &c.  These 
latter  constitute  a  deeper  sea  group  than  the  former,  showing  a  de- 
pression of  the  sea-bottom,  and  delaying  for  a  period  those  fresh- 
water conditions  to  which  this  locality  was  tending ;  for  it  was  in 
the  former  or  lower  part -that  the  Cyrena  obova/a  occurred.  Such  is 
also  the  case  with  Polamides  cinctus  at  White  Cliff  Bay;  but  the  di- 
vision of  the  strata  is  not  there  so  well  exhibited,  as  that  portion  of  the 
cliff  is  much  covered  and  broken.  There  is  however  there  an  evi- 
dent difference,  both  paleeontological  and  lithological,  in  the  upper 
a«d  lower  strata  of  the  London  clay,  although  it  is  not  so  visible  as 
at  Alum  Bay,  which  appears  to  have  been  nearer  the  centre  of  dis- 
turbance, as  all  the  changes  are  there  more  abrupt  and  marked  than 
at  White  Cliff  Bay,  where  they  exhibit  more  gradual  transitions^ 
indicating  a  disturbing  force  decreasing  in  effect  as  we  proceed 

*  Since  writing  the  above  I  have  aeen  in  M*  A.  d'Orbigny's  collection  a  series  of 
Specimens  from  the  glauconie  grossiere  of  Chaumont.  As  a  group  they  present 
a  ttroDg  analogy  with  those  from  Bracklesham  Bay;  and  the  same  remarkable  abun. 
isnce  of  the  Venerieardia  planieotMa  characterises  both  localities. 
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eastward,  and  ending  possibly  in  a  point  of  comparatively  slight 
change  and  of  nearly  uniform  deposit, — conditions  applicable  to  the 
contemporaneous  strata  of  the  central  and  eastern  portions  of  the 
London  basin.  

We  now  enter  upon  what  may  be  termed,  for  the  sake  of  distinc- 
tion, the  Fluvio-marine  deposits,  forming  lithologically  a  distinct 
local  group,  exhibiting  divisions  of  condition,  but  not  of  age,  and 
palflBontologically  connected  with  and  passing  into  the  group  below. 
These  beds  have  therefore  no  relation  with  those  similar  ones  partly 
of  freshwater  origin,  which  are  known  as  the  lower  and  upper  fresh* 
water  and  intervening  marine  formations  of  the  Paris  basin  (groups 
4»  5  and  6  of  diagram  2). 

The  argillaceous  strata  last  described  are  suddenly  succeeded  by 
a  thick  bed  of  sand  without  organic  remains,  but  this  bed  is  appa- 
rently of  marine  origin,  since  Professor  Sedgwick  has  shown  that  the 
equivalent  bed  at  Hordwell  contains  marine  shells,  and  also  that  in 
the  lower  part  of  Hempstead  Cliff  marine  or  estuary  fossils  predomi* 
nate.  Further,  the  lower  marls  and  clays  of  the  overlying  formations 
described  as  freshwater  contain  marine  fossils.  As  this  sand  bed  ia 
well-exhibited  and  well-known  at  Headon  Hill,  where  it  forms  the 
base  of  the  hill,  it  may  be  convenient  to  term  it  the  Headon  Hill 
sand.  It  was  formed  during  a  period  when  the  sea  became  shallow, 
estuaries  replacing  the  open  sea,  and  at  a  time  also  when  a  drifl  was  de* 
posited  different  from  that  previously  aceumulated ;  marls  and  earthy 
limestones  succeeding  the  quartzose  and  green  sands  and  pure  clays. 

At  White  Cliff  Bay  we  find  in  stratum  No.  21,  immediately  over- 
lying the  Headon  Hill  sands,  an  assemblage  of  fossils,  presenting  a 
singular  mixture  of  marine,  estuary  and  freshwater  shells.  Amongst 
them  are  the  following  species:  Cytherea  huyrassata^  Voluta gpinosoy 
Pletiroioma  colon,  Calyptrcm  trochiformisy  and  other  marine  shells, 
associated  with  tlie  Potamides  cinctus,  Cyrena  obovata,  Paludina 
lentUy  Melania  fasciata^  &c.  (and  PlanorbU  according  to  Prof.  £• 
Forbes  and  Captain  Ibbetson). 

In  stratum  No.  24  we  have  the  same  estuary  and  freshwater 
shells,  with  only  the  Valuta  and  Cytherea  among  marine  forms, 
and,  in  addition  to  those  species  already  quoted  we  find  Neritina 
concavGy  and  a  Natica  identical  with  an  unnamed  species  from  the 
calcaire  grossier  of  Damery. 

In  26  I  only  observed  Cyrena  obovata  and  Melania  fasciata. 

In  28  the  Potamomya  plana  occurs  with  the  Potamides  cinctus^ 
Cyrena  obovata,  and  Paludina  lenta. 

In  29  and  31,  Paludina  lenta  and  Serpula  tenuis  are  found ;  and 
in  32  the  Limmea  and  Planorbis, 

At  Alum  Bay,  or  rather  Headon  Hill,  this  part  of  the  series 
(Nos.  31  to  somewhere  about  56)  is  much  less  developed,  and,  as  I 
have  before  mentioned,  it  affords  only  slight  evidence  of  the  partially 
marine  conditions  of  the  lower  part,  ending  however,  as  at  White 
Cliff  Bay,  with  well-characterized  freshwater  marls  and  earthy  lime«i^. 
stones  with  Limntea  and  Planorbis. 
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The  pd«ootological  changes  exhibited  in  this  series  mftj  have 
taken  pbce  without  any  further  change  of  IctcL  The  slightly 
varying  mineral  composition,  and  the  gradual  change  in  the  fiuma, 
result  probably  from  the  tranquil  filling-up  of  the  estuary  and  the 
eventual  barring-out  of  the  salt  water. 

With  reference  to  the  so-called  upper  marine  formation,  the  strata 
No.  56  to  61  in  the  Headon  Hill,  and  No.  36  (which  I  consider  its 
equivalent)  in  the  White  Cliff  Bay  section,  it  overiies  the  preceding 
group,  from  which  it  b  not  to  be  distinguished  by  stratification  or 
mineral  character,  except  tliat  it  contains  some  small  flint  pebbles. 
This  however  is  a  difference  of  some  importance,  as  showing  an  in- 
creased moving  force  of  water,  and  it  indicates  therefore  an  influx 
of  the  sea  resulting  probably  from  a  slight  further  subsidence, 
and  again  restoring  for  a  time,  as  evidenced  by  the  organic  remains, 
the  conditions  of  the  former  estuary.  The  marine  and  estuary  tea- 
tacea,  which  had  disappeared  in  the  beds  immediately  preceding, 
now  re-appear  in  considerable  abundance,  accompanied  by  some 
new  species. 

At  White  Cliff  Bay  the  change  has  not  been  so  important  as  at 
Headon  Hill.  At  the  former  place  one  or  two  species  of  Osireaj 
with  the  PaUtmides  cinctus^  P,  rentricosusj  Melania  fasciaiat  Cy- 
rena  obavaia^  C.  cuneiformis^  and  Melanopns  are  common.  At  the 
latter  place,  however,  a  greater  number  of  species  occur,  of  which 
the  most  characteristic  are,  in  addition  to  those  just  mentioned, 
Fu9U8  labiatus,  Potamides  actUus,  Neritina  concava,  a  Cerithium 
and  a  Natica  identical  with  species  from  the  calcaire  grossier  of  Da- 
mery,  and  probably  also  AmpuUuria  WiUemetii, 

At  White  Cliff  Bay  these  beds  pass  upwards  iuto  thick  strata  of 
green  marls  and  clays,  of  which  almost  the  only  fossils  are  Paludina 
lenttty  Cyrena  oboveUuy  Meiania/asciata^  Melanopsis  and  Poia/nides, 
This  does  not  indicate  so  much  of  a  freshwater  condition  as  does 
occasionally  its  equivalent  at  Headon  Hill,  which  has  been  termed 
the  upper  freshwater  formation.  As  before  observed,  the  estuary 
fauna  at  No.  56  succeeds  suddenly  to  the  freshwater  one,  but  in 
ascending  order  the  change  is  more  gradual,  several  estuary  species, 
such  as  Melania  fasciata^  Melanopsis  fusifarmis,  Potamides  ventri- 
eosuSf  and  P,  concavus^  appearing  in  No.  61.  No.  62  is  a  thin  bed 
full  ofPlanorbis  and  Limmea ;  and  in  the  thick  mass  of  earthy  lime- 
scones  marked  Nos.  67  and  68,  the  several  well-known  species  of 
these  genera  abound,  and  are  associated  with  some  teeth  of  the 
Pakeotherium  and  bones  of  u  Tortoij^e. 

Slight  changes  of  subsidence  have  again  modified  the  higher  beds 
to  a  small  extent : — the  upper  part  of  the  last  stratum  is  partially  a 
conglomerate,  and  in  the  marls  which  succeed  we  find  the  Cyrena 
obovata,  and  in  stratum  70  Melania  fasciata  ;  in  71  the  Planorbis 
AndLimticea  again  appear ;  in  72  bones  of  the  Tortoise,  with  Palu- 
dina lenta  and  Neritina  concava  ;  in  73  Cyrena  obot^ata ;  and  in  the 
bed  No.  75  at  the  top  of  the  series,  and  immediately  underlying  the 
gravel  and  sand,  we  find,  in  a  brown  clay  having  traces  of  lignite, 
Melania  fasciata^  Potamides  cinctus,  and  Cyrena  obovatOf  estuary 
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testacea,  which  we  have  therefore  traced  throughout  the  entire 
series  of  these  fluvio-marine  strata,  both  at  Headon  Hill  and  White 
Cliff  Bay.  It  will  be  observed,  however,  that,  on  the  whole,  marine 
conditions  are  more  predominant  at  the  latter  than  at  the  former 
place. 

In  these  remarks,  having  merely  in  view  the  unity  of  the  series,  I 
have  only  given  the  characteristic  and  more  abundant  fossils,  worked 
out  and  marked  on  the  spot  from  the  different  beds.  The  sequence 
appears  complete  and  unbroken,  the  whole  series  consisting  of  de- 
posits more  or  less  marine  and  estuary,  with  interpolated  freshwater 
beds,  all  characterized  respectively  by  the  same  organic  remains, 
varying  only  according  to  the  variable  conditions  of  the  waters;  at 
one  time  the  abode  of  the  PotamideSy  Melania,  Vytherea,  Neritina, 
Ci/rena,  and  Fusus ;  and  at  another,  more  particularly,  of  the  Plo' 
norbis  and  LimruBa.  All  these  fossils  range  at  intervals  throughout 
the  series,  associated,  when  under  predominating  marine  conditions, 
with  other  marine  and  estuary  genera,  and  exhibiting  no  break 
in  the  sequence  beyond  that  m  bich  would  result  from  a  contem- 
poraneous fauna,  subject  to  variations  of  marine  and  freshwater 
agencies.  

With  respect  to  the  age  and  synchronism  of  these  fluvio-marine 
deposits,  I  feel  considerable  hesitation  in  hazarding  an  opinion. 
We  still  want  further  evidence,  and  we  especially  require  a  more 
extended  and  careful  comparison  of  the  marine  testacea  with  those 
of  the  Paris  basin.  At  an  early  period  in  the  history  of  tertiary 
geology  they  were  considered  to  represent  the  lower  freshwater, 
upper  marine  and  upper  freshwater  formations  of  Cuvier  and  Bron- 
gniart;  and  this  was  assumed,  first,  from  a  supposed  unconform* 
able  superposition  on  the  London  clay ;  secondly,  from  their  having 
been  accumulated,  like  the  Paris  series,  under  predominating  fresh- 
water conditions,  and  exhibiting  a  very  similar  sequence  of  strata ; 
and,  thirdly,  from  analogy  of  organic  remains. 

With  respect  to  the  first  reason,  there  can,  I  think,  be  little  doubt, 
as  I  shall  endeavour  to  prove  further  on,  that  all  the  beds  of  the 
series,  from  the  chalk  to  the  top  of  the  fluvio-marine  beds,  are  in 
conformable  stratification. 

With  regard  to  the  second  reason,  it  is  now  known  that  analo- 
gous freshwater  conditions  prevailed  to  some  extent  in  the  Ptiris 
basin  prior  to  this  period ;  for  the  upper  strata  of  the  calcaire  gro6- 
sier  are  frequently  argillaceous,  and  contain  subordinate  beds  of 
white  and  green  freshwater  marls,  sands,  and  fine  earthy  limestones, 
closely  resembling  some  of  the  overlying  freshwater  deposits,  and, 
like  them,  containing  also  several  species  of  Paludinoy  LimfUBO^ 
Planorbisy  and  Melaniay  showing  evidence  therefore  of  the  com- 
mencement of  freshwater  conditions  in  the  upper  calcaire  groasier 
— conditions  traceable  also  occasionally  in  the  gr^  de  Beauchamp, 
and  subsequently  increasing  in  force,  and  ranging,  with  slight  inters 
ruptions,  to  the  completion  of  the  Paris  beds  ^. 

*  CoDstADt  Prevost  has  ably  argued  in  support  of  his  theory  of  afHuenis,  that 
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The  third  reason,  the  subject  of  organic  remains,  requires  a  more 
lengthened  notice.  On  this  point,  the  main  evidence  on  which  the 
contemporaneity  of  the  beds  was  considered  to  be  established,  con* 
sisted  in  the  occurrence  of  the  following  fossils  in  the  Isle  of  Wight 
and  at  Hordwell : — 


Limnaea  colomellaris,  Sow. 

longiBcata,  Bnmgn, 

minima.  Sow, 

maxima,  Sow, 

pyramidalis,  Sow. 

fusiformis.  Sow. 

Planorbis  cylindricus.  Sow. 
euomphalus,  Sow. 

—  lens,  Brxmgn. 

—  obtusus,  Sow. 

rotiiiidatus,  Brongn. 

Ancylus  elegans.  Sow. 
Ancillaria  subulata,  Sow. 
Melanopsis  brevis,  Sow. 

carinata,  Soiw. 

fusiformis,  Sow, 

—  subolata,  Sow, 

ancillarioides,  Deth. 

Paladiaa  lenta,  Sow. 

—  concinua*,  Sow. 


Potamldes  concavus,  Sow. 
— '—  daplex,  Sow, 

margaritaceus,  Sow. 

pUcatuB,  Sow. 

ventricosus,  Sow. 

rigidus,  Sow, 

Fnsus  labiatus,  Sow. 
Murex  sexdentaius,  Sow. 
Helix  globosus,  Sow. 
Cerithium  funatam,  Sow. 
Bulimus  costellatus,  Sow, 

ellipticus,  Sow, 

Cyrena  obovata.  Sow, 

cuneiformia,  Sow. 

pulchra,  Sow. 

Corbula  nitida,  Sow. 
—  cuspidata,  Sow. 
Venus  incrassata,  Sow. 
Mytilus  afBnis,  Sow. 

' Brardti,  Fauj, 

Nueula  deltoidea,  Lam. 
Potamomya  plana.  Sow, 

gregaria,  Sow, 

Psammobia  solida,  Sow, 
Tellina  ambigua,  Sow. 
PoUicipes  redexus,  Sow. 
Unio  Solandri,  Sow, 
Serpola  tenuis,  Sow. 
Balanut  unguiformis,  Sow. 


angulosa.  Sow. 

minuta,  Sow. 

Melania  costata,  Sow. 

fasciata,  Sow. 

minima,  Sow. 

trancata,  Sow. 

NeriU  aperta,  Sow. 
Neritina  concava,  Sow. 
Potamides  acutus,  Sow, 
cinctus,  Sow. 

To  these  I  have  to  add  the  following :— * 
Infiindibulam  troefaifome,  Lmm.  Volata  spinosa,  Sow. 

Melania  marginata.  Lam,  Ostrea  flabellula,  Lam. 

Venericardia  (globosa  ?),  &v.  (crepidula?),  DmA. 

Pleurotoma  colon,  Sow.  Dentalium  entale.  Sow. 

In  Mr.  Bowerbank's  collection  I  have  also  seen  Sanguinolaria 
con^tressoj  Sow.,  Globulus  dipressus^  Sow.,  Modiola  elegans.  Sow., 
and  a  Pupa ;  in  Mr.  Edwards's  collection  the  CnnceUaria  evulsa, 
Sow^  Mitrapumila,  Sow.,  Psammobia  solida^  Sow.,  Ludna  divari- 
c€Ua,  Lam.,  with  species  of  Scalaria^  Turritella,  Tellina,  NenuUurOy 
Helix,  new  sp.,  and  other  genera ;  and  in  the  collection  of  the  Geo* 
logical  Society  presented  by  Mr.  S.  Wood,  we  have  Melanopsis  buo 
cinoidea,  Cyrena  deperdiia,  Buccinum  desertum^  Neritina  uniplicata^ 
and  Natica  glaucinoides. 

The  former  of  these  two  lists  appears  at  first  sight  sufficiently  di- 

in  the  Paris  basin  all  the  marine  formations  have  their  synchronous  freshwater 
deposits — ^that  they  are  interpolated  and  not  superimposed.  For  numerous  cases 
in  point  see  his  "  Essai  sur  la  Formation  des  Terrains  des  Environs  de  Paris," 
Acad,  des  Sciences,  1827,  and  his  numerous  papers  in  the  Bull,  de  la  Soc.  G^L  de 
nrmnce. 
•  Probably  the  young  of  P.  lenta. 
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stiDCt  and  characteristic.  The  great  bulk  of  the  specimeos  are  named 
by  English  naturalists,  and  few  foreign  species  are  given  by  their 
foreign  synonyms,  those  which  are  so  being  precisely  the  ones,  such 
as  Limtuea  longiscata,  Planorbis  rotundatus,  P.  lejis,  &c^  which  at 
the  period  of  publication  were  supposed  to  be  peculiar  to  the  fresh- 
water formations  of  the  Paris  basin. 

But  in  reality  we  have  in  the  seventy-eight  species  quoted  abovci 
(taking  also  their  synonyms)  twenty-three  French  species. 

Limnsa  pyramidalis,  Brard  and  Sow,  (L.  corDea,  Brongn,) 

longiscata,  Brongn,  and  Sow. 

Planorbis  lens,  Brongn,  and  Sow, 

rotundatusy  Brongn,  and  Sow, 

Melanopsis  ancillarioides,  Desk,  (M.  buccinoidea,  Fer,) 

Corbula  nitida,  Sow.  and  Desk, 

Vucula,  deltoidea,  Lam, 

Cerithium  funatum,  Sow,  rCeriihium  variabile,  Desk,) 

Potamides  cinctus,  Sow,  (C.  cinctum.  Desk.) 

acutus,  Sow,  (C.  acutum,  Deih,) 

plicatus,  Sow.  (C.  plicatum  ?  Lam,) 

yentricosus,  Sow.  (C.  yentricosum,  De»h,) 

AnciUaria  subulata,  Sow,  (Ancilla  subulata.  Lam,) 

Globulus  depressus,  Sow,    (Natica  depressa,  Desk,) 

Infiindibulum  trochiforme,  Lam,  and  Sow.  (Calyptnea  trochifomuif  Deih,) 

Melania  marginata.  Lam. 

Voluta  spinosa.  Lam, 

Ostrea  crepidula,  Deih, 

flabellula.  Lam, 

Psammobia  solida,  Sow.  (P.  rudis,  Lam.) 

Ludna  divaricata,  Lam, 

Natica  glaucinoides,  Deih, 
NoTK.  It  is  doubtful  whether  the  Ventu  incraaataof  Sowerby  is  synonymous  with 
the  Cytherea  incrauata  of  Deshayes,  a  well-known  fossil  of  the  lower  part  of  the 
'  Gr^  de  Fontainebleau.'  M.  Nyst  of  Brussels  in  his  recent  work  *  says  distinctly 
that  they  are  not  the  same  species,  but  that  the  English  species  agrees  rather  with 
a  Belgian  one  from  the  sandy  calcareous  beds  of  the  middle  Eocene  period. 

In  addition  to  these  foreign  species  found  in  the  Isle  of  Wight, 
eight  English  species,  viz.  PcUudina  lenta,  Cyrena  cuneiformis, 
C.  deperdita,  Mya  (Potamomyd)  planar  Tellina  ambiguOy  DerUa* 
Hum  entaley  Pleurotoma  colon  and  CanceUaria  evulsc^  occur  also  in 
France. 

Let  us  now  examine  the  distribution  of  these  thirty-one  species 
in  the  French  strata.  Of  the  whole  number  I  believe  that  only 
Planorbis  lens  and  probably  also  Limncea  cornea  are  limited  in 
their  range  to  the  *  Calcaires  lacustres.'  The  Planorbis  rotundatus 
has  been  found  in  some  of  the  divisions  of  the  '  Argile  plastique'; 
and,  according  to  M.  d'Archiac,  it  occurs  associated  with  Limnaa 
longiscata  in  the  upper  beds  of  the  calcaire  grossierf,  but  charac- 
terizes more  especially  the  overlying  freshwater  deposits.  The 
Cyrena  cuneifomtis  and  Melanopsis  buccinoidea  are  characteristic 
of  the  *  Argile  plastique'  of  the  department  of  the  Aisne|  and  the 
*  Description  des  Coquilles  et  Polypi^rs  Fossiles  des  Terrains  Tertiaires  de  la 
Belgique,  p.  181. 

t  M^m.  de  la  Soc.  G^l.  de  France,  vol.  v.  p.  236 ;  also  the  M^m.  of  Constant 
Prevost. 
t  M^m.  de  U  Soc  Geol.  de  France,  vol.  v.  p.  303. 
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Marne  * ;  and  io  the  same  formation  the  Potamamya  plana^  TeUina 
ambiffua,  Paludina  tenia  and  MelanopsU  ancillarioides  occur  occa- 
sionally ;  they  rarely  or  never  extend  higher  in  the  series. 

llie  Melania  marginata,  Natica  depressa  and  N,  glaucifwida 
range  from  the  '  Lits  coquilliers '  to  the  upper  calcaire  grossierf* 
The  Corbula  nitida^  Psammobia  rudis  and  Valuta  spinosa  are  well- 
known  calcaire  grossier  species,  but  occasionally  the  latter  two  range 
rather  higher;  the  CaneeUaria  evuUa,  Pleurotoma  colon  and  Ceri" 
thium  ren^ruTOftfrn  are  met  with  in  the  *Lit8  coquilliers';  and  the 
Nucula  deltoidea,  Ancilla  sulndata,  CalyptrtBa  trochiformisy  Lucina 
tlivaricata  and  Ostrea  Jlabellula  are  found  in  all  the  beds  from  the 
lower  sands  to  the  upper  marine  and  freshwater  deposits,  and  the 
Cyrena  deperdiia  in  the  *  Gres  moyens/ 

The  relations  of  the  several  species  of  the  genus  Potamides  of 
Sowerby  to  those  of  the  Cerithium  of  the  French  authors  are  rather 
ill-defined,  and,  from  the  great  number  of  unnamed  species,  the  sub- 
ject requires  further  investigation.  The  Cerithium  cinctum  and  C, 
plicatum  are  rather  characteristic  of  the  upper  marine  and  freshwater 
deposits ;  whilst  C  acututn  and  C  concavum  are  common  in  the 
upper '  Calcaire  grossier/  C.  acutum  and  C  ventricosum  in  the  '  Lits 
coquil  Hers,' and  &.  variabiles  the  lignites  of  the  *  Argile  plastiquet.' 
In  addition  to  these  recognised  species,  I  have  found  in  the  cal- 
caire grossier  of  Damery  a  species  of  Natica  and  a  Fusus,  not  distin- 
guishable from  specimens  from  Headon  Hill. 

Thus  the  representative  forms  of  the  period  of  the  '  Sables  infe 
rieurs '  are  more  abundant  even  than  those  of  the  formations  above 
the  *  Calcaire  grossier,'  and  as  a  group  the  forms  of  this  latter  de- 
posit evidently  predominate. 

Referring  again  to  the  first  list  with  regard  to  their  geological 
range  in  this  country,  we  find  the  following  thirteen  in  the  London 
clay  of  Barton,  Alum  Bay,  or  Bracklesham  Bay  : — 

Dcntalium  entale.  Sauguinolaria  coinpressa. 

Ancillaria  subulata.  Lucina  divaricata. 

Canccllaria  evuUa.  Iiifundibulum  (Calyptnea)  trochiforme. 

Mitra  pumila.  Globulus  (Natica)  depressus. 

Pleurotoma  colon.  Modiola  elegans. 

Voluta  spinosa.  Buccinum  desertum. 

Ostrea  flabellula. 

Again,  the  Melanopsis  fusiformis,  Paludina  lenla,  Cyrena  obovcUa, 
C  cuneiformis  and  C  deperdiia  are  well-known  and  common  fossils 
at  New  Cross  and  Woolwich  in  the  beds  under  the  London  clay,  and 
the  Cerithium  funatum  at  Newhaven ;  and  Mr.  Sowerby  quotes  the 
Fusus  labiaius  as  occurring  at  Woolwich  or  Plumstead,  Potamamya 
plana  at  Plumstead,  and  Neritina  cancava  at  Charlton. 

It  thus  appears  that  nearly  all  the  species  which  are  known  else- 
where show  relations  with  the  earlier  Eocene  strata. 

Of  the  new  species  (nearly  forty  in  number)  at  present  confined 

*  Annales  de  TAcad.  de  Rheims,  M^m.  of  Rondot,  p.  15. 
t  M^m.  de  la  Soc.  G^l.  de  France,  vol.  v.  pp.  236,  261  and  272. 
t  Dciihayes  (Coq.  Foss.)  quotes  tbe  Melania  mquinata  and  Helix  dubiua  from  the 
Isle  of  Wight,  and  M.  d'Archiac  (Bull.  Soc.  Gdol.  vol.  x.  p.  212)  the  Ottreaerepidula, 
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to  the  Isle  of  Wight,  it  is  to  be  hoped  that  a  more  extensive  com- 
parison with  the  numerous  French  species  which  have  yet  to  be 
described,  will  establish  many  analogues.  In  the  meantime  they  do 
not  of  themselves  afford  sufficient  evidence,  since  they  are  as  likely  to 
be  new  species  of  the  age  of  the  calcaire  grossier  as  of  the  Fontaine- 
bleau  sandstone.  It  is  not  from  them  that  we  can  fix  the  age  of  the 
deposit ;  but  the  superposition  of  the  deposit,  as  determined  by  their 
known  associates,  will  on  the  other  hand  prove  their  date.  They 
must  therefore  for  the  present  be  excluded  from  the  scale,  and  our 
conclusions  must  be  founded  solely  upon  the  evidence  of  the  species 
which  are  known  in  other  strata  whose  position  is  recognised. 

With  regard  to  the  vegetable  remains  of  these  fluvio-marine  strata^ 
they  cannot  be  taken  in  exact  evidence.  The  Cryrogoniies  occur, 
it  is  true,  in  large  numbers  in  the  upper  freshwater  beds  of  Paris ; 
but  they  are  also  common  in  some  of  the  plastic  clay  beds  of  Eper- 
nay,  and  they  occur  likewise  in  the  calcaire  grossier.  The  CarpO' 
liihes  also  cannot  be  looked  on  as  characteristic,  nor  can  the  animal 
remains  be  any  longer  considered  in  this  light,  since  the  remains  of 
PaUBotherium^  Anoplotherium  and  Lophiodan,  at  first  supposed  to 
be  characteristic  of  the  period  of  the  freshwater  gypseous  marls  of 
Montmartre,  have  been  found  by  jM.  Robert  in  the  upper  calcaire 
grossier  at  Nanterre,  and  since  then  by  others  in  several  places  in 
the  calcaire  grossier.  I  have  also  met  with  remains  of  the  Lophio- 
don  and  Crocodile  in  the  sands  above  the  plastic  clay  of  Epemay*, 
and  M.  Ch.  d'Orbigny  has  found  them  in  the  calcaire  pisolitique  at 
Meudon. 

It  is  therefore,  I  think,  very  problematical  whether  the  present 
grouping  of  the  Isle  of  Wight  tertiary  formations,  with  reference 
to  their  foreign  equivalents,  can  be  maintained.  The  evidence  is 
slightly  conflicting,  but  still  the  weight  of  it  is  very  considerably  in 
favour  of  their  being  on  the  whole  of  an  older  date  than  that  usuisdly 
assigned  to  them.  The  occurrence  of  a  bed  of  London  clay  ("  B,") 
supposed  to  represent  the  calcaire  grossier,  succeeded  by  sands  re- 
ferred to  the  gres  de  Beauchamp,  and  then,  as  is  the  case  with  these 
formations  in  the  Paris  basin,  overlaid  by  a  series  of  freshwater 
green  marls  and  earthy  limestones,  countenanced  the  hypothesis  of 
a  like  chronological  order,  by  exhibiting  a  very  analogous  iithologi- 
cal  sequence.  But  according  to  M.  d'Archiac,  about  half  the  fossils 
found  in  the  grds  de  Beauchamp  are  peculiar  to  itf;  and  of  the 
other  half,  which  are  common  also  to  the  calcaire  grossier,  only  about 
nine  species,  or  not  quite  three  per  cent,  of  the  whole,  are  met  with 
in  the  lower  tertiary  beds.  In  ascending  through  the  lower  fresh- 
water, the  upper  marine  and  the  upper  freshwater  formations  of  the 
Paris  basin,  a  further  departure  from  the  fauna  of  the  lower  tertiary 
beds  is  perceptible,  and  very  few  species  of  the  calcaire  grossier  are 
met  with. 

*  BtilL  de  la  Soc.  Geol.  de  France,  vol.  ix.,  and  others.  Mr.  S.  Wood  has  a  fine 
lower  jaw  of  a  Crocodile  from  Hordwell,  and  Mr.  Bowerbank  a  palate  of  Mylio- 
bates  from  Headon  Hill. 

t  Ibid.,  ToL  ix.  p.  69.  The  only  one  here  characteristic  is  the  Cyrena  deperdUa, 
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To  view  in  iU  strongest  light  the  paleontological  evidence  in  fa- 
vour of  the  supposed  synchronism  of  the  Isle  of  Wight  freshwater 
or  fluvio-marine  strata  with  the  freshwater  strata  of  the  Paris  basin, 
let  us  now,  without  breaking  the  fos«}iis  into  groups  according  to  the 
several  divisions  of  these  deposits,  consider  generally  all  the  fossils  of 
this  series  in  the  two  countries,  and  see  what  identity  can  be  esta- 
blished between  them.  About  4<X)  species  are  known  in  these  groups 
in  France,  and  we  have  found  about  eighty  in  England.  Now  out  of 
this  number  it  appears  that  not  more  than  ten  or  twelve  species  are 
common  in  these  strata  to  the  two  countries;  that  not  one-half  of  this 
small  number  can  be  regarded  as  characteristic  of  the  beds  over  the 
calcaire  grossier,  while  the  majority  of  these  common  species  range 
downwards,  some  into  the  calcaire  grossier  and  some  as  low  as  tlie 
plastic  clays :  whereas  a  comparison  of  the  fauna  of  these  Isle  of 
Wight  fluvio-marine  strata  with  that  of  the  cnlcaire  grossier  has 
shown  that  out  of  the  thirty-one  species  having  French  analogues,  as 
many  as  twenty-four  are  found  in  and  below  the  calcaire  grossier,  and 
some  of  these  are  characteristic  forms.  It  has  also  been  shown  that  as 
many  as  twenty-two  or  twenty-three  species  of  this  fluvio-marine 
fauna  have  been  found  in  and  below  the  London  clay ;  that  several 
of  the  species  most  common  in  the  upper  group  at  White  Cliff  Bay 
are  met  with  in  the  middle  group:  and  that  no  positive  line  of  separa- 
tion can  be  drawn  there  between  the  London  clay  and  overlying  beds, 
but  that  they  pass  palaeontologically  one  into  the  other. 

From  this  evidence,  I  am  therefore  inclined  to  consider  the  fresh- 
water and  estuary  strata  of  the  Isle  of  Wight  to  be  synchronous 
or  nearly  so  with  the  upper  calcaire  grossier.  It  may  be  objected, 
that,  as  these  strata  contain  a  considerable  number  of  fossils  pe* 
culiar  to  them,  such  cannot  be  the  case.  I  have  already  stated 
why  we  should  refuse  to  receive  these  new  species  as  evidence  of 
change  of  formation.  Might  we  not,  in  fact,  expect  that  the  different 
geographical  position  and  more  freshwater  condition  of  the  strata  in 
this  focality  would  cause  material  modifications  in  the  faunn,  although 
still,  as  a  whole,  it  may  assimilate  far  more  to  that  of  the  calcaire  gros- 
sier and  lower  beds  than  to  that  of  the  more  recent  beds  of  the  Paris 
basin,  notwithstanding  the  prevalence  during  the  accumulation  of 
the  latter  of  hydrographical  conditions  very  similar  to  those  existing 
during  the  formation  of  the  Isle  of  Wight  upper  Eocene  group  ? 

That  a  parallelism  of  strata  accompanied  by  identity  of  organic 
remains  should  exist  over  a  sea-bottom  subject  to  constant  and  vari- 
able but  slow  changes  of  subsidence  and  elevation  is  not  probable : 
the  greater  deepening  in  one  part  than  in  another  would  allow  both 
a  greater  thickness  of  deposit  and  a  greater  development  of  testacea ; 
a  littoral  fauna  might  continue  in  one  place,  exhibiting  little  or  no 
change,  and  at  a  distance  it  might  gradually  pass  into  others  re- 
presenting various  zones  of  depth ;  or  again,  a  rich  and  nearly  constant 
marine  fauna  might  exist  in  one  part,  whilst  in  another  part  a  slow 
movement  of  subsidence  or  elevation  of  the  same  sea-bottom  would 
destroy  some  genera  and  species  and  introduce  others,  either  de- 
creasing their  number  and  bringing  in  genera  of  a  wider  geographical 
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range  as  the  sea  deepened,  or  else  by  a  contrary  movement  gradually 
replacing  the  deep-sea  testacea  by  others  inhabiting  shallow  waters, 
estuaries  and  fresh  waters.  When  the  sea  was  once  more  deepened* 
the  original  fauna  which  had  been  preserved  in  a  part  of  the  neigh- 
bouring seas  not  subject  to  the  same  disturbances  might  again  be 
distributed  over  the  sea-bottom,  so  that  there  might  be  formed  a 
deposit  of  small  thickness  and  uniform  palaeontological  character, 
the  equivalent  of  a  series  of  greater  thickness  and  very  variable 
fauna,  but  exhibiting  nevertheless,  as  a  condition  of  synchronism, 
and  at  each  return  to  similar  conditions,  a  tendency  to  the  develop- 
ment of  similar  animal  life. 


With  regard  to  the  disturbances  which  have  affected  the  Isle  of 
Wight  tertiary  deposits,  I  have  endeavoured  to  show  the  probability 
that  a  slow  and  quiet  subsidence  of  the  sea-bottom  was  taking  place, 
commencing  at  least  as  early  as  the  deposit  of  the  Bognor  beds,  and 
continuing  throughout  the  overlying  marine  sands  and  clays,  gra- 
dually diminishing  or  ceasing  as  we  reach  the  fluvio-marine  strata, 
and  at  that  period  filling  up  the  estuary  and  occasionally  barring 
out  the  sea. 

On  the  subject  of  the  effects  of  the  powerful  disturbance  by  which 
the  strata  at  Alum  Bay  and  White  Cliff  Bay  have  been  placed  in  a 
vertical  position,  it  is  evident  that  no  unconformability  of  superposi- 
tion has  thence  resulted.  Commencing  at  the  chalk,  the  strata 
are  at  first  inclined  at  an  angle  of  about  75°.  This  inclination  shortly 
increases  to  88° ;  and  at  the  upper  part  of  the  Bognor  beds  the  strata 
are  slightly  reversed.  They  then  continue  nearly  vertical  to  the 
fossiliferous  clay  stratum  "  B,"  where  their  dip  is  80°.  From  this 
point  upwards  through  the  250  feet  of  the  London  clay  a  gradual 
decrease  in  the  dip  may  be  observed.  At  a  distance  of  100  feet  from 
the  bottom  of  this  bed  it  is  75° ;  eighty  feet  further  it  is  70° ;  it  then 
rapidly  decreases,  first  to  68°,  and  then  to  60°.  At  the  junction  of 
the  London  clay  and  Headon  Hill  sands  it  is  only  55^ ;  twenty  feet 
higher  it  is  45° ;  and  100  feet  above  this  last  point  the  green  marls 
and  limestones  have  a  dip  of  21°  in  the  same  direction.  (See  PI.  IX. 
fig.  1.)  It  is  clear,  therefore,  that  although  not  affected  to  the  same 
extent,  they  are  so  in  equal  ratio,  the  force  of  the  disturbance  acting 
laterally  from  the  chalk  at  the  present  sea-level  to  the  lower  part 
of  the  green  marls  and  limestones.  In  further  evidence  of  this  it  will 
be  observed  that  the  end  of  the  green  marls  and  limestones  nearest  to 
Alum  Bay  dips  at  21°  for  a  short  distance,  and  that  the  strata  are 
then  fractured — the  disjointed  edges  of  the  mass  nearest  to  Alum 
Bay  being  eight  feet  below  the  level  of  the  mass  from  which  it  is 
separated,  this  mass  being  prolonged  northward  at  a  very  slight  and  ' 
uniform  dip.  (See  PL  IX.  fig.  1.)  Now  this  detached  mass  bears 
in  itself  evidence  of  having  experienced  the  action  of  a  protruding 
force ;  for  if  we  prolong  the  plane  of  the  larger  and  less-disturbed 
portion  of  Headon  Hill,  we  shall  find  it  intersect  the  plane  of  this 
small  mass  at  angles  of  about  16°,  and  that  the  angle  of  depression, 
below  the  principal  plane,  subtends  northward,  and  that  of  elevatioa 
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southward.  Since  however  no  general  movement  of  depression  of 
the  strata  on  the  north  could  have  produced  tlie  corresponding  angle 
of  elevation,  with  the  sands  below  as  a  fulcrum,  it  follows  that  this 
angle  of  elevation  must  have  resulted  from  an  elevatory  force  acting 
from  the  south,  and  consequently  must  have  been  the  one  passing 
through  the  Alum  Bay  strata. 

At  White  Cliff  Bay  the  effects  of  this  disturbance  are  far  more 
distinctly  marked  in  the  fluvio-marine  beds.  All  the  lower  green 
marls  and  limestones  exhibit  through  a  thickness  of  300  feet  a  dip 
varying  from  80°  to  8.5°.  The  operation  of  the  disturbance  ends 
rather  abruptly  about  the  centre  of  the  series.  At  this  point  the 
limestone  strata  Nos.  32  and  34  outcrop  at  an  angle  of  82°,  but 
curve  immediately  and  rapidly,  and  resume,  without  break,  and  at  a 
short  distance  to  the  northward,  a  position  nearly  horizontal.  (See 
PI.  IX.  fig.  2.) 

It  appears  therefore  that  this  important  disturbance  took  place 
subsequently  to  the  formation  of  the  whole  of  the  Isle  of  Wight 
tertiary  series,  but  that  there  b  no  evidence  to  show  its  exact  age*. 
Unlike  the  slow  and  comparatively  tranquil  changes  of  level  in  pro- 
gress during  the  period  we  have  treated  of,  this  last  and  great  change 
f^pears  to  me  to  have  been  one  of  active  agency  and  of  compara- 
tively short  duration. 

EXPLANATION  OF  PLATE  IX. 


Fig.  1.    SSCTION   EXHIBITED   AT  WHrFB   ClIFT    BaY,  AT  THE   EASTERN   END  OF 

THE  Isle  of  Wight. 


Docription  of  Strata. 


Gravel  on  the  top. 

38.  Striped  yellow,  grey,  brown  and 
greenish  clays  with  marly  sands  and  a  thin 
layer  or  two  of  bard  indurated  marl  and  a 
few  seams  of  shells. 

37.  Green,  and  mottled  red  and  green 
clays  and  marls. 

36.  Dark  grey  clay  beds  and  light-co- 
loured indurated  marl  with  Ottrea,  A  few 
rolled  flint  pebbles. 

35.  Very  light-coloured  marl  passing  up- 
^wards  into  dark  green  marl. 


a 
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50  .> 
45 

10 
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AMOciation  of  genera  and 

characteriatic  species  in  the 

chief  fossiliferous  beds. 


37. 
Melanopsis  fusiformis. 
Paludina  lenta. 
Melania  fasciata. 
Cyrena  obovata. 

36. 
Ostrea,  2  sp. 
Melania  fasciata. 
Cyrena  obovata. 
C.  cuneiformis. 
Potamides  acutus. 
P.  cinctus. 
Melanopsis. 
Serpula. 


*  In  the  absence  of  data  in  our  island  to  prove  the  age  of  this  disturbance,  we 
may  refer  to  the  opinion  of  Elie  de  Beaumont,  who  considers  it  to  belong  to  the 
period  of  the  elevation  of  the  western  chain  of  the  Alps,  with  which  it  is  parallel. 
This  system  of  elevation,  according  to  the  same  authority,  took  place  at  the  end 
of  the  tertiary  period,  and  immediately  preceding  the  period  of  the  diluvium  and 
drift.  (Recherches  sur  quelques-unet  det  Revolutions  de  la  Surface  du  Globe,  p.  65.) 
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Description  of  Strata. 
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34.  Hard  ligbt-coloured  limestone  with 
numerous  fossils. 

33,  Dark  grey  marls  passing  upwards 
into  very  light-coloured  greenish  white 
marls. 

32,  Light  yellow  earthy  limestone — 
lower  part  soft  and  porous,  upper  part 
hard, 

3L  Beds  scarcely  exposed,  apparently 
liglit  green  marls  passing  upwards  into 
lamir^ated  grey  marls  with  a  few  shells*. 

30.  Light  yellow  limestone. 

29.  Indistinct.  Apparently  light  green 
mark,  sometimes  mottled  with  red,  and 
coDtaJning  a  few  shells  and  nodules  of  fer- 
ruginous clay. 

2B.  Alternating  beds  of  striped  brown 
clays  tmd  striped  greenish  grey  marls  with 
a  tew  layers  of  iron  sandstone :  shells  nu- 
merous but  friable,  and  much  broken. 

27.  Striped  ash-coloured  and  yellow 
sand. 

26,  Light  green  and  grey  marls,  with  a 
few  subordinate  central  layers  of  ash-co- 
loiircd  and  ochreous  sands, — a  few  seams 
of  shells. 

25.  Yellow  and  light  coloured  sands. 

24.  Alternating  brown,  grey  and  greenish 
^ey  sandy  clays  and  marl8--in  places  full 
of  sbdls  and  small  crystals  of  selenite — 
passes  upwards  into  a  fine  ash-coloured 
sand  with  impressions  of  shells. 

23.  White  and  ochreous  sand. 

22.  Compact  thick-bedded  light  greenish 
grey  marly  sand  with  light  yellow  and 
bmwu  partings — contains  numerous  tole- 
rably finn  casts  and  impressions  of  shells 
Tery  delicately  marked,  but  no  shell  re- 
maining. 

21.  Light  greenish  marl  with  one  bed  of 

lignite,  crystals  of  selenite,  and  numerous 

fos&ils — passes  upwards  into  a  laminated 

hrown  clay  without  shells,  which  again 

L  passes  upwards  into  22. 


20.  Headon  HUl  Sandt^^Trnt  light  yel- 
low  sand,  with  a  few  ochreous  and  ash-co- 
loured bands : — passes  upwards  into  a  light 
yellow  sand  with  occasional  tinges  of  red 
colour,  and  in  the  upper  part  alternating 
with  beds  of  ironsand.  It  contains  a  thin 
seam  of  small  black  flint  pebbles,  and  no 
fossils. 
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Association  of  genera  and 

characteristic  species  in  the 

chief  fossiliferous  beds. 


34-31. 
Limnea  longiscata. 
Planorbis  euomphalus. 
rotundatus. 


29-28. 
Potamides  cinctus. 
Cyrena  obovata. 

—  cuneiforrois. 
Potamomya  plana. 
Paludina  lenta. 
Serpula  tenuis. 
Melanopsis. 

26. 
Cyrena  obovata. 
Melania  fasdata. 

24. 
Fnsns  labiatns. 
Ostrea  flabellula. 
Cytherea  incrassata. 
Potamides  cinctus. 
Melanopsis. 
Neritina  concava. 
Melania  fasciata. 
Cyrena  obovata  (fre- 
quently bored). 
Natica. 
Voluta. 
Tunritella. 
Fishes,  bones,  and  scales. 

21. 
Terebellum. 
Volata  spinosa. 
Pleurotoma  colon. 
Ostrea  flabellula. 
Potamides  cinctus. 
Neritina  concava. 
Calyptnea. 
Cytherea  incrassata. 
Venericardia. 
Fusus  labiatus. 
Melania. 
Paludina  lenta. 
Ostrea. 
Planorbis. 

Bonesand  scales  of  fishea. 
Dentalium  entale. 
Cyrena  obovata. 


*  And  GyrogonUet,  fiHmd  bj  Prot  6.  Forbes  and  Captain  Ibbetson. 
t  This  division  may  be  above  or  below  No.  20. 
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II 

1^ 


DeMription  of  Stnta. 


19.  Laminated  brown  clay  passing  up- 
wards into  massiTe  clayey  sand  of  a  green* 
uh-grey  colour. 

18.  Fine  bright  yellow  sand  with  a  few 
thin  seams  of  aah-coloored  clay. 

17.  An  imperfectly  exhibited  series  of 
brown  and  grey  clays,  finely  laminated  witb 
br^wn  and  yellow  sand,  containing  subor- 
dlflflte  green  clays  and  marls.  In  the  upper 
part  the  sand  predominates.  A  few  stndl 
titii  pebbles  scattered  throughout.  Fossils. 

16.  Brown  clay.  Numerous /branuni* 
fira^  with  Ottrea  and  Venerieardia :— * 
passes  upwards  into  dark  greenish  marly 
taud  perforated  in  places  by  tubca  of 
green-coloured  sand  containing  a  few  eibelU 
and  small  crystals  of  sdenite. 

15.  Light-coloured,  compact  and  frse- 
grai  ned  sandstone. 

14.  Imperfectly  exhibited.  Apparently 
grey,  brown  and  greenish  days  with  a  few 
shells — ^passes  upwards  into  a  light  jellow 
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44 
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32^ 


AiMhiifttion  of  genera  md 

ebanrUTutic  ipedea  in  the 

cbieT  fvMUifnoiu  bedi. 


16. 
Fn»u5  Jangsevus. 
Corbulm  revoluta. 
C^  piiium^ 
Dentalium  entale. 
Calyptnca. 
TurhtelEa, 
Atiomia  iCriata. 
Natica. 
Nammnljtes  elegans. 
CcrJthJnm  or  Potamides 

(cinctum). 
Venerieardia  planicos- 

Ostrea,  3  sp. 

iFlostra. 

VencHcardia  planicos- 


13.  Brownish  grey  clay  and  calcarecmi 
greensands  with  a  layer  of  pebblea  and 
nymerous  shells,  but  the  junction  with, 
apper  bed  not  shown. 

12.  Finely  laminated  brown  clay  ppL^tingl 
upwards  into  grey  sand,  and  then  into  <lark 
grey  clay  with  vegetable  impressions.  A 
thin  layer  of  shells  about  eighteen  feet  fmtn 
the  bottom. 

11.  Massive  light  and  dark-coloured 
slJgbtly  calcareous  greensand  with  small  noh 
white  calcareous  concretions:  In  the  upper 
li&lf  numerous  shells  and  teeth  of  fishes. 

10.  Laminated  grey  clay  with  some  bed» 
of  calcareous  greensand,  a  few  layers  of 
iroRumd,  and  one  or  two  beds  of  lignite 
atwut  one  or  two  feet  thick.  A  strong 
femifinous  spring  issues  from  the  junetion 
with  11,  convertiiig  part  of  the  beach  into 
an  ironstone  congk>merate.  ?  A  few  peb- 
bles.   Passes  into  11. 

9.  Calcareous  clayey  green  and  iron- 
sandt  with  numerous  shells.  Upper  part 
gi^ensand  only,  with  only  one  seam  of 
shells.    Shells  grouped  in  genera. 

1$.  Alternating  beds  of  greensand  and 
finely  laminated  grey  and  brown  clay.  A 
few  thin  seams  of  lignite — passes  int^  the 
overlying  bed  (9.). 

7.  Yellow  sand. 

C.  Grey  sandy  clay  and  brown  clay  finely 


m\ 


?globosa. 

Tumtella  suldfera. 

'  Cal^-ptrva  trochiformis. 

I  Chtrea. 
,^|Corbula  globosa. 
^ revuluta. 

Anomia. 

Natica. 

DciitaliuiQ  entale. 

Pectuticulus. 

NummuLites  hevigatus. 

Nucula. 
-„  Milioliici  (Trfloculina). 

I  Turbmolia  sulcata. 
Vohju  apinosa. 
Cythenpa. 
Teeth  of  Sqnalus. 

U.  . 
Pecteti  cornea. 
76  Turhtelia  suldfera. 
Nummulites  elegans. 
N.  S4?ahrn  (?  laevigatna). 
Sanguinolaria    HoQo- 
wsyaii* 

coinpressa. 

AnotDia  striata. 
Deiitnlsum. 
Venerieardia  planicot- 

tata. 
Nticuta  slmilis. 
128BJ  Solen  obtiquus. 
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Description  of  Strata. 


lamiDated  with  yellow  sand.  A  few  subor- 
dinate beds  of  impure  greensand  and  seams 
of  iron-sandstone,  and  a  few  imperfect  sep- 
taria.  At  the  bottom  ten  inches  of  flint 
pebbles  about  the  size  of  a  swan's  eggs. 
Vegetable  impressions.  Few  or  no  shells. 
5.  Broad  striped  sands  of  various  shades 
of  yellow  passing  upwards  into  nearly  white 
sand.  Two  feet  of  iron-sandstone  at  the 
bottom.  

4.  Massive  brown  clay  passing  upwards 
into  dark  clayey  greensand,  and  then  into 
light  greenish  sand,  separated  from  No.  3 
by  a  layer  of  small  flint  pebbles  in  blackish 
sand.  Shells  not  abundant.  Some  septaria. 

X  Grey  and  brown  clay  with  some  layers 
of  ironsand  in  one  place  ten  feet  thick; 
lower  part  more  compact,  clayey  and  of 
brownish  grey  colour;  contains  several 
layers  of  septaria,  with  some  iron  pyrites 
and  rather  numerous  but  very  friable  fos- 
sils*.    Diirupa  abounds 


2.  Mottled,  red,  greenish,  puce-coloured 
and  brown  clay ;  predominant  colour  red. 
No  fossils.    Clay  used  for  tiles. 

1.  Yellow  sand  with  flints;  not  exposed; 
thickness  said  to  be  two  or  three  feet. 


it 


Feet. 
1288 


95 
98 

75 

232? 

140 
2 


1930 


Association  of  g;enera  and 

characteristic  species  in  the 

chief  fossiliferous  beds. 


Pectunculus  brevirostris. 

Venericardia. 

Panopsa  intermedia. 

Nucula. 

Rostellaria. 

Pusus. 

Pholadomya  margari- 

tacea. 

3. 
Dentalium  (Ditrupa) 

planum. 
—  .'entale. 
Venericardia. 
Pectcn  ? 
Cytherea. 
Turritella. 
Ostrea  flabellula. 


No  animal  remains  dis- 
covered. 


Chalk,  in  vertical  beds.    Many  fossils,  especially  small  corals.    Strike  S.  8*^  £. 


Fig.  2.  Section  exhibitkd  at  Alum  Bat,  on  the  North-western  side  of  the 

Isle  of  Wight. 
Gravel,  consisting  of  rather  angular  chalk  flints  imbedded  in  a  small  quantity  of 
loose  yellow  sand — passes  downwards  into  yellow  and  whitish  sand  with  patches 
and  irregular  layers  of  the  same  gravel. 
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75,  74.  Whitish  sand  and  thin  calcareous 
sandstone  irregularly  interstratified  with  a 
few  hard  conglomerates.  About  ten  feet 
from  the  underlying  clays  occurs  one  foot 
of  brown  clay  and  imperfect  lignite,  and  one 
foot  of  greenish  marl  with  shells. 

73.  Red  clay  mottled  with  yellow  and 
green  coloured  clay  and  marls  and  layers 
of  whitish  sand. 

72.  Greenish  grey,  brown,  grey  and  yel- 
low laminated  sandy  clays  and  marls : — ^in 
the  upper  part  numerous  very  imperfect 


40? 


20 


60 


75-72. 
Paludina  lenta. 
Cyrena  obovata. 
C.  cuneiformis. 
Melania  fasciata. 
Potamides  concavus. 
P.  ventricosos. 
Turtle. 


*  ProC  E.  Forbes  and  Captain  Ibbetaon  state  that  they  have  observed  C&pHna  pkmata 
in  these  beds  (3  &  4). 
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Deacription  of  Strata. 


crushed  shells  :—concretioii8  of  impure 
ironstone  in  the  centre. 

71.  Light  yellow  uid  brown  hard  lime- 
stone,  weathers  roughly : — traces  of  Pkm- 
9rbii  in  patches  of  day. 

70.  Light  greenish  marty  limestone,  with 
one  foot  of  green  mari  and  one  foot  of  red 
day  beneath. — Note.  This  and  the  pre- 
ce&ig  bed  become  softer  and  thin  out  to 
the  eastward. 

69.  Series  of  light  green,  ydlow  and 
brown  marls,  with  a  few  shells— contains 
uregQlar  layers  of  hard  siliceous  concre- 
tions and  a  few  ai^o-fernif^nous  concre- 


68.  Light  yellow  calcareous  rock ;  in  the 
upper  part  a  few  angidar  pebbles.  There 
are  two  layers  of  hard  siliceous  concretions, 
one  in  the  middle  and  the  other  at  the 
bottom.  PUmorbi9  and  Itunuea  abundant. 
This  rock  becomes  much  softer  and  more 
sandy  to  the  eastward. 

67.  Very  soft  calcareous  rock  fiill  of 
Pbmorbit  and  Ltnuuea,  with  remains  of 
Pakeoikermm  and  Turtle. 

66.  Grey  sand. 

65.  Striped  light  green  sand  and  marl. 
Numerous  Cyremi, 

64.  Brown  sand. 

63.  Dirty  green  day. 

62.  Very  soft  earthy  limestone  full  of 
Pkmorbii. 

61.  Indurated  green  nuui. 

60.  Light  greenish  and  whitish  maris 
with  a  few  rolled  pebbles.  Ottrea  com- 
mon. 

59.  Li|^t  green  mari. 

58.  Greenish  ydlow  sandy  marl  over- 
lying  brown  day.  Shells  numerous.  Traces 
oi  vegetables  common  between  the  two 
days.    (?  Gprogoniim,) 

57.  Light  green  marl;  a  few  shells  in 
the  upper  part,  and  three  inches  of  brown 
day  foil  of  shells  underiying  it. 

56.  Indurated  mari,  with  a  few  shells, 
and  two  inches  of  lignite  bdow. 

55,  54.  Indurated  mari  orerhdd  by  six 
indies  of  green  mari — ^both  fuH  of  shells. 

53.  Green  marl  passing  into  yellowish 
green ;  full  of  shells. 


a  ^  ,     AMOciation  of  genera  and 

5  ^  I  characteristic  cpeciea  in  the 

c  I       chief  fowiliferoua  beda. 


Feet. 
60 
15 


71-62. 
Limnaca  obovata. 
Cyrena. 

Melanopsis  carinata. 
Planorbis  euomphalus. 
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20 


20 
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61-53. 
S    Ostrea,  2  sp. 
5    Natica. 

Fusus  labiatus. 

Melania  fiEudata. 

Neritina  concaya. 

Melanopsis. 

Cyrena  obovata. 

Potamides  cinctus. 
^i  P.  ventricosus. 

P.  concavus. 

Corbula. 

Balanus. 

u 
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Deacription  of  Strata. 


52.  Striped  grey  day  and  whitish 
sand. 

5 1 .  Light  grey  day. 

50.  Light  yellow  sand. 

49.  Light  brown  clay. 

4S.  White  and  yellow  tand. 

47.  Brown  laminated  day  with  irregular 
patches  of  lignite. 

4  6.  Light  green  marl  interlaminated  with 
grey  and  yellow  sand. 

45,  Soft  light  yellow  earthy  limestone 
with  eihells— contains  a  central  layer  of 
tliree  inches  of  marl  full  of  shells. 

44.  Light  greenish  marl  with  shells. 

43,  42.  Earthy  limestone  with  a  few 
sheila,  and  underlaid  by  six  inches  of  cal- 
careuuji  sand  full  of  shells. 

4L  Green  marl  passing  into  striped 
^eyiah  sand  and  grey  clay :  very  irregular. 
Shells  numerous.  One  inch  of  green  and 
black  rlAy  underlies  it. 

40,  39,  38.  Light-coloured  sands  under- 
Uid  by  two  inches  of  dark  day  full  of 
fihelb/and  then  three  inches  of  a  brown 
calcareous  band  full  of  shells.  An  irregular 
seam  of  lignite. 

37p  36.  Olive-green  clay  and  marl  passing 
into  bright  green  with  bands  of  white  sand 
in  the  lower  part.    Few  shells. 

3:j.  Green  marl  passing  into  grey,  with 
an  irregular  and  thin  underlying  band  of 
bgaite. 

34.  Sandy  and  dirty  green  clay. 

33,  32.  Sand,  speclded  brown  and  white, 
pasiung  into  light  brownish  white  sand. 

3L  Mottled  green,  yellow  and  red  day, 
passing  into  bright  ochreous  sand ;  very  ir- 
rrgiilar. 
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Feet. 
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1 
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U 
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30.  White  sand  (very  pure  and  used  for 
glass-making)  passing  into  yellow  day. 

29.  Commendng  at  the  top  is  a  black 
clay  with  a  very  few  shells  in  seams  and 
patches — in  descending  it  becomes  Inrowner, 
and  very  fossiliferous.  At  p<nnt  X  (see 
PL  IX.  fig.  1)  is  a  layer  of  laijge  septaria 
underlaid  by  a  seam  of  small  flmt  pebblea< 
immediatdy  below  which  is  thirty  feet  of 
greensand,  in  whidi  fossils  are  extremdy 
scarce— this  then  passes  gradually  into  a 
brown  clay  with  numerous  shells  and  re- 
mains of  Foraminiferat  and  then  again  into 
green  sands  with  a  few  very  small  flint  peb- 
bles and  traces  of  vegetable  matter,  but  with 
I'  few  shells.  In  these  beds  we  find  six  or 
seven  layers  of  teptaria.  (Stratum  **  B  " 
of  Webster.) 


Anociadon  of  genera  and 

charactemtic  specie*  in  the 

chief  foasiliferoua  beds. 


45-42. 
Limnaea. 
Planorbis. 
Melanopsis. 


40-37. 
Cyrena? 
Cytherea  incrassata. 

29. 
Ampullaria  acuta. 
A.  patula. 

Dentalium  costatum. 
Pleorotoma  prisca. 
P.  macilenta. 
P.  exorta. 
Voluta  lima. 
V.  luctator. 
V.  spinosa. 
Fosus  longsevns. 
F.  bnlbifiinnis. 
F.  errans* 
Conns  dprmitor. 
NummuUtes  laevigatum. 
N.  degans. 
Venericardia  globosa. 
100  ?  Pectunculus  scalaris. 
Sanguinolaria  HoUo- 

waysii. 
Bucdnum  desertum. 
Nueula  similis. 
TnrriteUa  conoidea. 
Crassatdla  sulcata. 
Corbula  globosa. 
pisum. 


280 
626 


C.  revoluta. 
Spatangus. 
Cyrena  obovata. 
Venus  ? 

Murex  tricarinatus. 
RotteUtria  rimosa. 
AndUaria  oanalifera. 
Cancellaria  evulsa. 
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Description  of  Strata. 


28.  Yellow  sands  passing  successively 
into  sands  of  white,  yellow  and  ochreous 
tints,  with  six  inches  of  large  pebbles  at  top. 

27.  Tough  light  bluish  clay,  capped  by  a 
thin  seam  of  dark  red  clay,  and  passing 
downward  into  a  brown  sandy  clay  with 
five  layers  of  lignite,  varying  in  thickness 
from  six  inches  to  two  feet. 

26.  Bright-coloured  *  sands  successively 
ochreous,  striped  white  and  red,  white, 
ochreous,  brown  (with  pebbles),  yellow, 
white,  red,  striped  white  and  yellow. 

25.  Whitish  sands  succeed^  by  yellow 
and  yellow  and  red-striped  and  brilliant  red 
sands.  Three  straggling  layers  of  small 
flint  pebbles. 

24.  Dark  grey  day  with  a  seam  of 
lignite  one  foot  thick.  Laminated  dark  clay 
with  whitish  sand  and  thin  lignites.  Very 
light  grey  lumpy  day  with  peculiar  vege- 
table remains,  and  an  underlying  bed  of 
fifteen  inches  of  finely  laminated  light  grey 
sandstone.  Laminated  dark  grey  clay  with 
lignite  and  a  layer  of  septaria. 

23.  Brown,  yellow,  white,  yellow  and 
brown  striped  sands.  Red  and  yellow  sands. 

22.  White  sands  striped  with  brown. 

21.  Pale  and  bright  ydlow  sands. 

20.  Black  and  brown  day  laminated 
with  brownish  and  whitish  sand.  The 
weathered  upper  edges  light-coloured  for 
many  yards.    Traces  of  lignite. 

19.  Light  grey  clay. 

18.  Whitish  hght  yellow,  reddish  bright 
yellow,  ochreous  and  yellow  striped  sands. 

17.  White  foliated  day,  very  fine  and 
compact,  and  spotted  and  striped  with  red. 

16.  Yellow  sand  with  a  little  red.  Three 
inches  of  iron-sandstone  underneath. 

15.  Light  green  sand. 

14.  Ochreous  sand. 

13.  Black  day,  passing  into  whitish  sands 
with  seams  of  Ugnite,  and  this  again  into 
black  clay.  Grey  sand  with  psirtings  of 
grey  day  and  seams  of  lignite. 

12.  Findy  laminated  tough  brown  and 
grey  day. 

11.  Thick-bedded  black  sand.  Passes 
into  (10). 

10.  Ash-coloured  sand  with  greenish- 
coloured  stripes.  Passes  into  (9). 

9.  Finely  laminated  grey  sand  and  day ; 
the  day  preponderating. 

8.  Grey  sand  and  day  resembling  (9), 
but  more  sandy. 

7.  Bright  yeUow  laad  with  underlying 
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42 


71 


77 


70 


Aaaociation'of  generm  and 

characteristic  species  in  the 

chief  foasiliferous  beds. 


60 
5 

39 

4 

11 

9 

10 
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17 
16 
17 
29 
14 
24 
1376 


28-7. 
No  organic  remains  of 
animals  yet  discovered. 


1846.]        PRESTWICH  ON  THE  ISLE  OF  WIGHT  TERTIARIES. 


259 


"S 


Description  of  Strato. 


6.  Dark  brown  sandy  clay  with  two 
layers  of  septaria.  A  few  remains  of  shells 
and  traces  of  plants  occur  in  this  bed,  toge- 
ther with  a  seam  of  small  flint  pebbles.  Top 
of  the  bed  darkest  and  most  fossiliferous. 
A  small  fault  dipping  b(f  W.  occurs  in  this 
bed. 

5.  Sulphur-yellow  grey  sand  with  seams 
of  dark  grey  clay.  No  fossils.  Passes 
into  (4). 

4.  Dark  brown  clay,  with  several  layers 
of  septaria,  and  one  thin  band  of  calcareous 
greenish  grey  sandstone.  The  lower  part 
idightly  red.  At  the  bottom  a  thickness  of 
one  to  two  feet  is  mixed  with  sand,  and 
contains  large  rounded  flint  pebbles.  An- 
other layer  of  small  flint  pebbles  occurs  near 
the  centre.  Organic  remains,  which  are 
scarce  in  the  lower  part,  are  numerous 
higher  up,  especially  in  the  bed  containing 
the  small  pebbles.  Among  the  large  peb- 
bles at  the  bottom  sharks'  teeth  are  found, 
and  in  the  lower  part  of  this  stratum  also 
Mr.  Bowerbank  found  the  Cancer  Leachii, 
Reposes  upon  a  slightly  uneven  surface 
[of  (3).  

3.  Yellow  sands  and  clays  with  traces  of 
lignite.    Irregular. 

2.  Mottled  clayt  with  traces  of  lignite. 
The  following,  in  descending  order,  are  the 
colours  of  the  nine  layers  composing  this 
stratum.  In  each  layer  the  colours  are 
*  mottled : — red  and  very  light  bluish  grey 
and  yellow ;  light  and  dark  slate-coloured ; 
red  and  yellow ;  brown,  red  and  yellow ; 
red,  lavender,  puce  and  yellow ;  brown  and 
blue ;  red  and  grey ;  grey  and  brown ;  blue, 
red  and  brown;  brown  and  blue.  The 
layers  are  indistinctly  separable. 

1.  Coarsish  dirty  yellow  sand  with  large 
flints  underlying,  of  the  same  character  as 
those  of  the  upper  chalk  layers,  and  a  few 
small  round  flint  pebbles. 


1664 
Chalk,  with  flints.    Upper  surface  worn  and  uneven. 


Feet. 
1376 


Aatociation  of  genera  and 

characteristie  species  in  Umb 

chief  fossiliferous  beds. 


6-4. 

Panopaea  intermedia. 

P.  virgula. 

Pectunculus  breviroatrii. 

Vermetus  Bognorenais. 

Rostellaria  Sowerbyi. 
40  Pholadomya  margarita^ 
cea. 

Turritella    imbricataiia, 
18     var. 

Pinna  afllnis. 

Ostrea,  2  sp. 

Dentalium  (Ditrupa)  pla- 
num. 

Venericardia  planiooit»- 
ta,  var.  ?  Suessonenaia. 

Pyrula. 

Calyptnea  trochiformla. 

Natica. 

Fusus. 

Corbula. 

Cerithium. 

Pleurotoma. 

Lutraria. 

135 


86 


No  organic  remains  of 
animals  yet  discovered. 


Note. — Mr.  Webster's  sands  and  plastic  clay  include  strata  Nos.  1  to  28  at  Alum  Bay,  and 
the  London  clay  of  that  author  is  No.  29.  The  strata  are  more  subdivided  at  Alum  Bay  than  at 
Whiteclifi*  Bay,  chiefly  on  account  of  their  being  more  perfectly  exhibited  in  the  former.  It 
should  be  understood  that  the  lines  of  separation  between  the  upper  and  lower  divisions  of  th« 
upper  group  at  Headon  Hill  are  only  approximatiTe,  and  that  Uie  usts  of  organic  remains  do  not 
include  all  those  found,  but  are  intenaed  to  intimate  that  such  species  or  genera  occur  in  some 
part  of  the  series  associated  with  others,  which  are  cither  less  abundant  or  more  necessary  to  the 
argument,  and  which  therefore  in  the  latter  case  are  mentioned  in  the  text. 


960  .    PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Mar.  ll, 

2.  Notice  accompanying  a  Specimen  of  a  Calcareous  Band  in  the 
Plastic  Clay  from  tJte  Bed  of  the  Thames.  By  George 
Rennie»  Esq.,  F.G.S.,  Treas.  R.S. 

The  accompaDyiiig  coDcrete  of  shells,  clay,  &c.  was  taken  from  the 
bed  of  the  riveV  'Diames,  in  Limehouse  Reach,  about  three  and  a 
half  miles  below  London  Bridge,  situate  between  the  City  Canal  en- 
trance on  the  east,  and  the  Commercial  Dock  entrance  on  the  west 
side.  The  shoal  from  which  the  specimens  are  taken  has  been 
hitherto  a  great  detriment  to  steam-vesseb  navigating  the  above 
R«u;h  at  low  water,  and  measures  are  in  progress  to  remove  the 
Mine  by  means  of  dredging-engines,  which  have  been  in  operation 
for  seven  or  eight  months;  great  difficulty  is  found  in  breaking 
through  the  strata  or  crust  with  the  iron  buckets  attached  to  the 
engines,  which  have  been  carried  away  on  many  occasions,  although 
steel-pointed.  Gunpowder  is  occasionally  resorted  to  to  break  up 
the  strata,  after  which  it  is  easily  removed.  The  specimen  is  about 
the  thickness  usually  found,  resting  on  a  bed  of  clay,  and  covered 
by  loose  gravel,  or  Thames  ballast,  three  or  four  feet  deep,  which 
forms  the  bed  of  the  river'*'. 


March  11, 1846. 

T.  H.  Braim,  Esq.,  Principal  of  Sydney  College,  Australia,  was 
elected  a  Fellow  of  the  Society. 

The  following  communications  were  read  :-» 

1.  Geological  iUport  on  a  portion  of  the  Beloochistan  Hills. 
By  Captain  N.  Vickary. 

[Commanicated  by  Sir  R.  I.  MvchiMa,  CCS.,  F.G.S.] 

The  hill  country  vbited  extends  from  Shahpoor  on  the  western 
side  to  Goojeroo  on  the  east,  a  distance  of  about  ninety  miles,  and 
from  the  sandstone  range,  bordering  the  Desert,  to  the  Murray  Hills, 
in  a  northerly  direction  about  fifty  miles.  The  strike,  and  the  di- 
rection of  the  ranges  and  of  the  indleys  is  neariy  east  and  west,  and 
the  mean  dip  of  the  beds  southeriy. 

There  are  seven  jparallel  ranges  of  mountains  gradually  increasing 
in  height  from  the  low  sandstone  range  bordering  the  Desert  to  the 
Murray  Hills,  the  most  northern  point  visited.  The  low  sandstone 
range  bordering  the  Desert  was  scarcely  touched  upon,  but  from  its 
appearance  I  conclude  that  it  does  not  differ  in  structure  from  the 
second  sandstone  range ;  it  dies  away  towards  the  west,  but  appeared 
to  extend  in  an  easterly  direction  as  far  as  the  eye  could  reach. 

*  The  rock  in  question  is  no  doubt  the  representative  of  the  Bognor  rocks,  and 
the  fossils  contained  in  it  are  Cyrena  dtperdita  aud  C.  cicfi«a/a,  but  chiefly  the 
former  species. 
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The  second  sandstone  range  in  whicii  the  JuUock,  Gundava, 
and  other  passes  are  situated,  extends  also  to  an  unknown  distance 
in  an  easterly  direction,  but  towards  the  west,  near  Shabpoor,  it  ap- 
proaches and  eventually  abuts  upon  the  first  limestone  range. 

North.  Section  from  McmmAT  Hilli  to  Thb  Deibet.  Sooth. 
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No.  7>  Coofflomerate  of  Deyrah  Valley.  No.  9.  Sanditone  of  second  nmge. 


0.  Sandbtonet  and  clay*.  S.  Sandstone  of  first  range. 

5.  Bonegrayel.  1.  Nununulitic  limestone. 

4.  Conglomerate. 

I  annex  a  section  running  nearly  north  and  south,  that  is,  at  right 
angles  to  the  direction  of  the  mountain  ranges,  and  along  the  pitch 
of  the  strata.  It  is  drawn  up  from  memory,  and  though  not  exactly 
correct,  is  sufficiently  near  the  truth. 

Between  the  place  called  Ooch  and  Shahpoor  low  sandstone  hills 
make  their  appearance,  belonging  to  the  outer  range.  The  dip  of 
the  strata  is  different  on  different  hilb,  but  the  mean  inclination  is 
south  (that  is  towards  the  Desert),  at  about  12^.  A  diluvial  gravel 
b  spread  over  the  whole,  the  boulders  varying  from  the  size  of 
a  man*s  head  to  the  smallest  pebble ;  these  boulders  are  present  on 
the  highest  parts  of  the  sandstone  ranges,  and  are  derived  from  the 
nummulitic  limestone  to  the  northward;  they  contain  the  same 
fossils,  and  have  the  same  mineral  structure.  Ooch  is  a  remarkable 
place,  and  deserves  a  special  notice :  it  is  a  point  upon  which  I 
should  be  disposed  to  think  volcanic  force  may  have  formerly  acted. 
It  is  a  valley  about  half  a  mile  in  breadth  and  two  and  a  half  miles 
in  length,  and  its  direction  is  curved,  at  first  tending  towards  the 
east,  but  soon  turning  north-east  and  N.N.E.  The  sandstone  dips 
from  the  valley  on  each  side  at  an  angle  of  about  15%  presenting 
an  abrupt  face  inwards  of  about  200  feet  in  height  The  surface  of 
the  rock  is  strewed  with  nummulitic  limestone,  which  consists  of 
gravel  with  a  few  small  quartz  pebbles  intermixed,  and  the  sandstone 
is  partially  capped  with  a  more  recent  gravelly  sandstone  of  from 
two  to  four  feet  in  thickness,  containing  numerous  Nummulites  and 
a  few  rolled  mollusca.  Beneath  the  sandstone  there  is  an  aluminous 
clay,  and  the  whole  is  penetrated  with  veins  of  foliated  gypsum, 
some  of  which  are  of  considerable  thickness,  but  neither  the  sand- 
stone nor  aluminous  clay  afford  fossils.  The  central  portion  of  the 
valley  is  highly  saline,  as  are  most  of  the  springs ;  the  saline  matter 
(chiefly  soda  ?)  effloresces,  and  could  be  collected  in  any  quantity.  I 
was  told  that  a  tepid  spring  existed  in  the  centre  of  the  valley,  but 
I  was  unable  to  discover  it. 

From  Ooch  to  Jullock  Pass,  in  an  easterly  direction  forty  miles^ 
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there  is  little  change  in  the  geological  aspect  of  the  country, — the 
same  sandstone  beneath,  and  the  surface  covered  with  the  same  di- 
luvial gravel.  The  only  diiference  to  be  noted  in  the  JuUock  Pass 
(the  second  sandstone  range)  is,  that  the  sandstone  is  thrown  up  to 
a.greater  elevation.  It  is  identical  with  the  Ooch  sandstone,  and  is 
capped  with  similar  nummulitic  boulders,  while  the  base  is  the  same 
fine-grained  sandstone  as  that  just  mentioned,  without  fossils*.  The 
elevation  of  the  highest  points  above  the  pass  is  not  more  than  400 
teet,  but  these  elevations  form  a  well-marked  range  parallel  to  the 
limestone  ranges  on  the  north,  and  also  parallel  to  the  lower  sand- 
stone range  flanking  the  Desert  The  direction  of  the  range  is 
nearly  east  and  west,  and  the  dip  tolerably  regular  to  about  15° 
south,  or  a  little  to  the  east  of  south.  There  are  numerous  passes 
through  this  range ;  they  are  clefls  formed  at  the  time  the  sandstone 
was  upheaved,  and  the  drainage  of  the  mountains  to  the  north  is 
effected  through  them. 

About  six  miles  from  the  JuUock  Pass,  in  a  north-easterly  direc- 
tion, we  enter  the  Mun  Valley.  We  here  find,  first,  low  hills  of 
randstone  crowned  with  considerable  quantities  of  rust-coloured 
rounded  stones,  which  have  apparently  been  subjected  to  heat  In 
tome  of  these  hills  I  remarked  that  the  pebbles  formed  a  distinct 
bed  again  capped  with  sandstone.  They  contain  an  inconsiderable 
quantity  of  iron,  and  have  much  the  appearance  of  having  been 
'  ejected  from  a  volcano.  They  are  often  fissured  or  hollow,  or  con- 
taining red  and  yellow  ochre,  and  occasionally  sulphur,  and  even  sand. 
There  are  no  distinct  volcanic  rocks  in  the  neighbourhood,  but  I 
noticed  to  the  westward  some  small  conical  hills  which  I  was  unable 
to  visit  We  next  meet  with  a  low  range  of  hillocks  distinctly  stra- 
tified, dipping  at  about  6°  south,  composed  of  a  cemented  dark- 
eoloured  gravel,  with  considerable  quantities  of  fossil  bones  imbed- 
ded ;  the  bones  exist  in  great  numbers,  and  some  were  so  large  and 
heavy  that  I  found  it  impossible  to  carry  them  away.  Proceeding 
across  the  valley  in  a  northerly  direction,  sandstone  hills  crowned 
with  the  same  rust-coloured  round  stones  are  again  found,  and  it  is 
to  be  remarked  that  the  nummulitic  boulders  are  also  spread  over 
these  hilb.  Proceeding  about  a  mile  farther  north,  we  come  upon  a 
thin  seam  of  boulder  conglomerate  resting  on  nummulitic  limestone ; 
the  boulders  are  evidently  rolled  and  waterwom  portions  of  the  num- 
mulitic limestone  beneath.  I  observed  this  conglomerate  in  many 
other  places  of  considerable  thickness,  and  I  have  reason  to  think 
that  all  the  boulders  and  gravel  overlying  the  sandstone  hills  and 
outer  valleys  were  derived  hence.  At  Trukkee  this  conglomerate 
attains  a  considerable  thickness,  amounting  to  several  hundred  feet ; 
in  other  places  it  is  replaced  by  the  sandstone  resting  directly  on  the 
limestone. 

Next  in  descending  order  comes  the  nummulitic  limestone  in  situ ; 
its  usual  colour  is  a  very  dark  blue,  in  some  places  changing  to  a 
grey,  and  in  others,  as  at  Doza  Khooshtie,  a  pale  yellow,  and  is  then 

*  I  had  no  initniment  for  ascertaining  heighti. 
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arenaceous.  In  some  localities  where  a  deep  section  was  exposed,  J 
remarked  that  the  limestone  became  slaty  in  its  structure,  and  con- 
tained fewer  of  the  Nummulites  and  sometimes  none.  In  this  lower 
portion  there  are  fine  specimens  of  a  species  of  Cancer;  I  have  been  as 
yet  unable  to  refer  it  to  any  described  species.  The  dark  blue  vaiiety 
of  limestone  is  intensely  hard  and  sonorous,  and  has  apparently  been 
exposed  to  considerable  heat,  by  which  the  calcareous  matter  of  the 
shells  has  been  volatilized,  leaving  nothing  but  casts.  This  limestone 
is  of  great  thickness,  and  is  the  rock  which  constitutes  all  the  higher 
ranges  of  mountains  in  this  part  of  Beloochistan. 

There  are  four  parallel  ranges  of  mountains  formed  by  this  lime- 
stone, running  nearly  east  and  west,  the  most  northern  of  which 
visited,  viz.  the  '*  Murray  range,"  is  the  highest,  and  I  imagine 
reaches  an  elevation  of  about  3500  feet  above  the  sea.  The  rock  is 
easily  identified,  whenever  it  occurs,  by  the  vast  number  of  Nummu- 
lites it  contains,  and  by  its  other  fossils :  the  low  rocky  hills  upon 
which  Roree  and  Sukken  are  situated  are  an  outcrop  of  the  same 
limestone  containing  similar  fossils,  and  in  colour  resembling  the 
pale  arenaceous  limestone  of  Doza  Khooshtie.  At  the  upheaving 
of  the  limestone  a  number  of  deep  clefts  seem  to  have  been  formed, 
mostly  running  north  and  south,  or  transverse  with  respect  to  the 
mountain  ranges :  many  of  these  do  not  exceed  ten  feet  in  breadth*, 
but  equal  in  depth  the  mountains  in  which  they  are  formed.  That 
they  were  not  formed  by  the  erosive  action  of  water  is  apparent, 
because  the  salient  points  on  one  side  (and  the  fracture  b  still  sharp) 
have  their  re-entering  points  on  the  other ;  and  in  fact  a  convulsion 
of  nature  might  again  close  them,  in  which  case  they  would  dove- 
tail and  fit  exactly. 

All  the  mountains  in  this  part  of  Beloochistan  exhibit  the  same 
effect  of  great,  disturbance,  and  much  of  the  drainage  of  the  coun- 
try is  at  present  effected  through  such  fissures.  The  rangie  to  which 
the  name  of  *  Trukkee '  is  applied  is  the  most  remarkable  in  this  re- 
spect. These  clefts  extend  even  to  the  sandstone  of  the  outer  ranges  ; 
but  the  rock  being  there  of  a  more  yielding  nature  has  suffered  from 
the  action  of  the  elements,  and  the  clefts  (or  passes)  are  wider, 
while  the  limestone  usually  exhibits  them  in  their  original  sharp 
escarpments.  I  have  reason  to  think  that  this  nummulitic  limestone 
extends  over  a  very  large  tract  of  country,  specimens  brought  from 
the  vicinity  of  the  Tukht-i-Sulliman  having  been  shown  to  me  by 
Lieut.  Cunningham  of  the  Bengal  Engineers,  which  certainly  be- 
longed to  the  same  formation.  A  similar  rock  is  used  for  archi- 
tectural purposes  at  Cantuel,  and  it  takes,  I  was  told,  a  tolerable 
polish.  At  Num,  where  I  first  came  upon  this  limestone,  it  dips  at 
about  20°  south,  passing  in  that  direction  beneath  the  conglomerate 
and  sandstone,  about  a  mile  and  a  half  farther  to  the  north.  At  the 
pass  leading  to  the  Deyrah  Valley  there  is  a  remarkable  slip  or  fault 
of  the  limestone  strata,  the  dislocation  amounting  to  about  300  feet. 
The  limestone  at  the  base  here  dips  at  about  20  ,  that  above  being 

*  The  breadth  of  some  is  eren  less  than  I  have  stated. 
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Dearly  horizontal ;  and  at  the  upper  margin  of  the  fault  there  are 
iK>nie  of  the  strata  hanging  at  various  angles.  This  fault  extends 
east  and  west  of  the  pass  for  many  miles*. 

From  this  pass,  proceeding  north,  the  stratification  is  nearly  hori- 
zontal as  far  as  Coombe,  a  place  about  2100  feet  above  the  sea. 
From  Coombe,  in  a  northerly  direction,  the  limestone  gradually  ob- 
tains a  dip  to  the  north,  amounting  at  its  base  to  about  20°,  and  then 
becomes  lost  beneath  low  sandstone  hills.  I  was  unable  on  the  line 
of  march  to  give  these  interesting  sandstone  hills  the  examination 
thev  merited ;  they  are  composed  of  various-coloured  sandstones, 
with  the  strata  dipping  in  a  northerly  direction  at  about  10°  or  often 
lest,  thus  corresponding  so  far  in  dip  with  the  limestone ;  but  the 
point  of  connexion  between  the  latter  rock  and  the  sandstone  escaped 
my  observation :  this  is  to  be  regretted,  as  the  subject  is  one  of 
importance.  These  hills  are  interesting  from  the  vast  quantity  of 
foasil  bones  and  fossil  wood  which  has  been  entombed  within  them ; 
both  are  scattered  about  in  vast  profusion,  and  many  cart-loads  of 
the  bones  could  be  collected  from  off  an  acre  of  ground. 

The  wood  bears  the  appearance  of  having  been  drifted  and  water- 
worn  previous  to  fossilization.  1  noticed  palms  and  dicotyledonous 
trees,  one  of  which  had  a  structure  resembling  pine ;  some  of  the 
broken  stems  had  a  diameter  of  two  feet,  and  the  quantity  exposed 
upon  a  small  area  was  truly  wonderful.  I  could  only  collect  as 
many  of  the  bones  as  1  could  carry  on  my  own  person,  but  amongst 
these  are  bones  of  the  mastodon  or  elephant,  portions  of  the  tusk  of 
the  same  (no  molars  were  observed^  part  of  the  jaw  of  hippopota- 
mus, various  bones  of  crocodiles  with  broken  jaws  of  the  same,  and 
many  others  which  it  will  take  time  to  make  out.  Thus  it  would 
appear  that  on  the  northern  and  southern  b&<e  of  this  limestone 
range  (the  first  proceeding  northwards  from  the  Desert),  there  are 
strata  having  the  same  character,  and  that  in  both  places  similar 
foasil  bones  are  found  imbedded  in  a  loosely  cemented  gravel,  con- 
taining shells  of  Paludina  and  Cardium. 

About  five  miles  to  the  north,  advancing  towards  the  Deyrah 
Valley,  a  deep-bedded  boulder  conglomerate  is  met  with ;  and  one 
mile  further  the  nummulitic  limestone  again  crops  out,  the  strata 
dipping  north  at  about  45°.  This  range  of  limestone  forms  the 
southern  side  of  the  Deyrah  Valley,  and,  it  will  be  observed,  dips 
into  it ;  at  the  base  it  supports  a  stratum  of  conglomerate,  which  is 
lost  in  the  valley. 

The  Deyrah  Valley  stretches  nearly  east  and  west,  corresponding 
with  the  mountain  ranges ;  its  mean  breadth  is  about  four  miles, 
and  its  length  perhaps  forty  miles.  The  soil  is  alluvial,  and  is  in 
many  places  covered  with  boulders  of  nummulitic  limestone. 

The  northern  side  of  the  valley  is  flanked  with  a  range  of  hills 
composed  of  stratified  boulder  conglomerate.  The  boulders  are 
nummulitic  limestone,  and  the  strata  dip  iuto  the  Deyrah  Valley 

*  The  point  of  fracture  exposed  is  highly  glabrous,  a.<  if  it  had  been  exposed  to 
a  grindiog  sctioii. 
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at  angles  varying  from  20°  to  35° :  the  northern  aspect  of  this  range 
18  precipitous. 

Immediately  north  of  this  conglomerate  there  is  a  very  narrow 
valley  abutting  at  the  foot  of  the  Trukkee  uummulitic  limestone 
range ;  this  valley  is  broken  by  many  small  hills  of  a  conical  shape, 
eomposed  of  calcined  clays  of  various  colours,  containing  sulphur 
and  scoria ;  and  these  seem  to  have  been  volcanic  vents  emitting 
gaseous  vapours,  and  perhaps  occasionally  ejecting  stones,  but  never 
lava.  No  igneous  rocks  exist  in  the  country  visited,  nor  is  any  rock 
older  than  the  nummulitic  limestone  to  be  found. 

The  Trukkee  range,  at  the  foot  of  which  these  appearances  are 
presented,  is  composed  entirely  of  nummulitic  limestone,  and  at- 
tains an  elevation  of  about  3000  feet  above  the  sea.  The  strata 
dip  southwards  towards  the  Deyrah  Valley  at  angles  varying  from 
45°  to  60°,  and  they  form  a  continuous  mural  barrier  or  a  natural 
fortification  on  a  stupendous  scale,  through  which  there  are  many 
passes  formed  by  clefls  in  the  manner  noticed  above.  I  traced  this 
range  holding  the  same  mural  character  for  about  seventy  miles 
from  east  to  west ;  and  I  abo  noticed  other  ancient  conical  hills  at 
its  base,  about  twenty  miles  east  of  Deyrah.  Near  the  foot  of  the 
same  range,  at  Kissooker,  there  is  a  tepid  spring.  At  the  time  I 
noted  its  temperature  the  air  was  70°  and  the  spring  71°  of  Fahren- 
heit. There  are  other  tepid  springs  in  these  hills,  one  of  which  at 
Doza  Khooshtee  bursts  up  through  a  fissure  in  the  limestone;  but  I 
did  not  note  its  temperature.  From  the  appearance  of  the  lime- 
stone, which  in  many  places  at  Doza  Khooshtee  is  rapidly  disinte- 
grating, and  from  some  calcined  clays  which  I  noticed,  there  is  little 
doubt  that  an  old  volcanic  vent  existed  in  that  neighbourhood. 

The  Deyrah  Valley  requires  further  notice,  and  appears  to  have 
been  formed  by  subsidence ;  but  however  that  may  be,  I  am  cer- 
tain that  the  conglomerate  at  one  time  rested  on  the  limestone,  be- 
cause there  are  still  detached  portions  of  it  resting  conformably  on 
the  limestone.  The.  opposite  or  southern  side  of  the  Deyrah  Valley 
exhibited  the  same  evidence,  although  not  so  distinctly,  and  a  beau- 
tiful section  of  the  limestone  is  seen  in  the  pass  or  cleft  through  the 
Trukkee  Hill.  The  fioor  of  the  pass  is  on  a  level  with  the  base  of 
the  mountain,  and  the  higher  (outer)  strata  are  full  of  fossils ;  but 
moving  onwards  through  the  pass  and  towards  the  north  the  lime- 
stone becomes  of  a  lighter  colour,  and  further  on  obtains  a  slaty 
stratification  containing  few  fossils.  From  this  point  to  the  Murray 
Hills  there  are  numerous  confused  and  broken  hills,  at  a  lower  ele- 
vation, which  have  undergone  great  disturbance,  but  I  was  unable 
to  inspect  them  closely. 

The  Murray  Hills  are  composed  of  nummulitic  limestone;  they 
present  a  precipitous  escarpment  to  the  southward,  and  tlie  strati- 
fication is  nearly  horizontal.  The  range  is  higher  than  any  of  those 
between  it  and  the  Desert. 

No  minerals  of  any  account  were  met  with.  Sulphur  and  alum 
exist,  but  not  in  sumcieut  abundance  to  be  of  commercial  value ; 
but  alum  is  worked  further  to  the  eastward,  although  not  in  the 
district  visited.     Iron  exists  in  small  quantities ;  iron  pyrites  abound 
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in  iiodular  masses  in  the  limestone,  and  there  are  gypseous  veins  at 
Doza  Khooshtee.  When  noticing  the  pale  yellow  variety  of  lime- 
stone, I  forgot  to  mention  that  it  often  contains  nodular,  ramified  or 
tabular  masses  of  flint,  which  frequently  manifest  a  resemblance  to 
stems  of  marine  algsR  and  sponges.  Doza  Khooshtee  and  Trukkee 
are  two  remote  points  which  exhibit  this  formation.  A  white  mar- 
ble, which  would  answer  for  statuary  purposes,  is  found  in  the 
Trukkee  range. 

The  aspect  of  the  country  is  barren  in  the  extreme,  but  in  some 
places  there  is  sufficient  soil  to  repay  the  cultivation.  Near  the 
anticlinal  axis  of  the  first  limestone  range  the  disintegrated  limestone 
forms  a  good  soil,  which  has  been  cultivated.  The  alluvium  of 
some  of  the  valleys  is  also  fertile,  particularly  that  of  Deyrah.  The 
native  plants  of  this  region  are  peculiar,  but  few  in  number,  not 
exceeding  200  species. 

The  hasty  examination  given  to  these  mountains  will,  I  hope,  be 
a  sufficient  apology  for  many  defects  in  the  details  now  furnished. 
It  requires  more  time  than  a  marching  soldier  can  command,  to  fol- 
low out  fully  a  geological  inquiry  in  a  broken  and  mountainous 
country.  It  happened  more  than  once  that  I  passed  over  most  in- 
teresting ground  during  the  night,  and  even  in  the  daytime  other 
duties  often  required  my  undivided  attention. 

I  cannot  close  this  report  without  tendering  my  sincere  thanks  to 
His  Excellency  Major-General  Sir  Charles  Napier,  G.C.B.,  for  the 
assistance  so  liberally  afibrded  in  giving  me  carriage  for  my  speci- 
mens,— an  instance  of  regard  for  the  interests  of  science  rarely 
manifested  in  India. 

Description  of  the  Fossils  from  the  Nutnmulitic  Limestone  of 
Beloochistan*. 

PoLYPARiA,  three  or  four  species. 

ECHINODERMATA. 

Cidaris  Schmidelii,  Goldf. 

A  large  and  fine  specimen  probably  referable  to  this  species,  having  spines  simi- 
lar to  those  described  by  Goldfuss.  His  species  however  belongs  to  the  Jurassic 
series,  so  that  the  identity  may  be  doubtful. 

Spatangus  acuminatus,  Goldf.     Sow.  Geol.  Tr.  2nd  ser.  vol.  v. 
t.24.f.23. 

obiiguatus.     Sow.  G.  Tr.  v.  t.  24.  f.  22. 

eiongatus.     Sow.  G.  Tr.  v.  t.  24.  f.  24. 

In  the  collection  there  is  a  crushed  specimen  nearly  allied  to  this  species,  but  it 
appears  to  have  had  a  more  ovate  form.  There  are  also  three  or  four  other  species 
of  Echinodcrmata. 

FORAMINIFERA. 

Fasciolites  elliptictis.     Sow.  G.  Tr.  v.  t.  24.  f.  17. 
Nummulites  acuttis.     Sow.  G.  Tr.  v.  t.  24.  f.  1 3. 
Lycophris  Ephippium,     Sow.  G.  Tr.  v.  t.  24  f.  1 5. 
dispansus.     Sow.  G.  Tr.  v.  t.  24.  f.  1 6. 

♦  Tbii  description  has  been  drawn  up  by  Mr.  Morris. 
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Crustacea.    One  or  two  species. 

MOLLUSCA. 

Cardium  ambiguum.     Sow.  G.  Tr.  v.  t.  24.  f.  2. 

O^ea  caUifera,  Lam.     Sow.  G.  Tr.  v.  t.  24.  f.  7. 

Chama ? 

Sp&ndylus ? 

Pecten,  Two  species,  and  some  casts  of  other  genera  of  Con- 
chifera. 

Nautilus ? 

Globulus  oUusus.     Sow.  G.  Tr.  v.  1 24.  f.  10. 

CyprtBa  depressa.     Sow.  G.  Tr.  v.  t.  24.  f.  12. 

Tufinnellus  buUnformis.     Sow.  G.  Tr.  v.  t.  24.  f.  1 1 . 

An  imperfect  cast  of  a  specimen  probably  belonging  to  this  spe- 
cies. 

Seraphs ?     A  cast  only.     The  species  is  the  same  as  that 

obtained  from  Baboa  Hill,  and  near  to  S.  convoltUus,  Min.  Con. 

There  are  also  some  other  casts  of  univalves  and  a  Serpula,  but 
they  are  indeterminable. 


2.  On  Markings  in  the  Hastings  Sand  Beds  near  HasHngsy  sup' 
posed  to  be  the  Footprints  of  Birds.  By  Edward  Tagart,  Esq., 
F.G.S. 

This  communication  was  in  the  form  of  a  letter  addressed  to  the 
President,  and  accompanied  a  specimen  of  one  of  the  bodies  de- 
scribed. The  markings  in  question  appear  to  have  been  observed 
by  several  persons  at  Hastings ;  but  they  have  not  been  found  con- 
secutive, or  having  any  distinct  relation  to  one  another.  They  are 
of  large  size,  the  one  presented  to  the  Society  measuring  sixteen 
inches  in  length  ;  but  there  does  not  appear,  either  from  this  speci- 
men or  from  the  account  communicated  by  the  author,  any  decisive 
evidence  as  to  their  origin. 


March  25,  1846. 

\.  On  the  Geology  rfthe  Falkland  Islands.  By  C.  Darwin,  Esq., 
F.R.S.,  F.G.S. 

The  Falkland  Islands  being  a  British  colony,  and  the  most  southern 
point  at  which  palaeozoic  fossils  have  hitherto  been  discovered,  I  am 
induced  to  lay  a  short  account  of  the  geological  stinicture  of  these 
islands  before  the  Society.  They  stretch  from  51°  to  52°  30'  south, 
and  extend  about  130  miles  in  longitude.  My  examination  was  con- 
fined to  the  eastern  island;  but  I  have  received,  through  the  kind- 
ness of  Captain  Sulivan  and  Mr.  Kent,  numerous  specimens  from 
the  western  island,  together  with  copious  notes,  sufficient  to  show 
the  almost  perfect  uniformity  of  the  whole  group. 
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The  low  land  consists  of  pale  brown  and  bluish  clay-slate,  in- 
cluding subordinate  layers  of  hard,  yellowish,  sometimes  micaceous^ 
sandstone :  in  the  clay-slate  organic  remains  are  exceedingly  rare, 
whilst  in  some  of  the  layers  of  sandstone  they  are  extremely  numerous, 
the  same  species  being  generally  grouped  together.  Messrs.  Morris 
and  Sharpe  have  kindly  undertaken  to  describe  these  fossils  in  a  sepa- 
rate notice :  they  consist  (as  I  am  informed  by  them)  of  three  new 
species  of  Orthis,  which  have  a  Silurian  character ;  three  of  Spkytr^ 
which  rather  resemble  Devonian  forms,  and  approach  closely  to  some 
of  the  Australian  species  described  by  Messrs.  G.  B.  Sowerbj  and 
J.  Morris*;  one  species  both  of  Atrypa  and  Choneietf  the  latter  ap- 
proaching very  closely  some  of  the  varieties  of  C  sarenmlaia  of 
Europe ;  an  Orbicuia  and  an  Avicukt,  the  species  not  determinable ; 
and  lastly,  a  fragment  of  a  TrUdnte  and  numerous  traces  of  Crinoi- 
dea,  apparently  related  to  the  genus  AcHnocrinus.  The  concurrence 
of  these  several  organic  forms  in  this  remote  part  of  the  southern 
ocean,  giving  to  the  aggregate  so  close  a  general  resemblance  with 
the  palaeozoic  groups  of  the  north,  is  an  interesting  circumstanee. 
None  however  of  the  species  appear  absolutely  identical  with  north- 
em  forms,  or  with  the  Silurian  and  Devonian  mollusca  described  by 
M.  A.  d'Orbigny  from  the  Bolivian  Cordillera ;  these  latter,  eleven 
in  number,  are  likewise  all  distinct  from,  though  several  are  most 
closely  related  to,  northern  forms :  two  crustaceans  however  and  a 
Graptolite  appear  to  be  identical  with  European  species.  With  re- 
spect to  the  thirty-four  or  thirty-five  palaeozoic  mollusca  from  Au- 
stralia t»  Mr.  Morris  has  come  to  the  conclusion  that  all  are  new, 
with  the  exception  of  one  Terebratula :  some  of  the  species,  more- 
over, have  required  the  institution  of  new  genera.  Mr.  Lonsdale 
has  likewise  found  that  the  palaeozoic  Australian  corab  are  almost 
all  new  species.  Although  the  frequent  and  close  general  resem- 
blance of  the  palaeozoic  fossils  in  very  distant  parts  of  the  world  ia 
extremely  remarkable,  especially  when  we  compare  intra-  and  extra- 
tropical  districts  (as  in  the  case  of  those  described  by  M.  d'Orbigny), 
yet  I  conceive  that  the  opinion,  that  the  further  we  look  back  in 
time,  the  more  widely  distributed  the  same  species  of  shells  were, 
must  be  greatly  modified. 

We  should  bear  in  mind,  that  at  the  present  day  shells  inhabiting 
seas,  which  instead  of  being  divided  by  impassable  barriers  of  land 
stretching  north  and  south,  are  bordered  by  coasts  running  east  and 
west  or  are  interspersed  with  islands,  often  have  enormous  ranges : 
Mr.  Cuming  informs  me,  that  he  has  upwards  of  a  hundred  species 
of  shells  from  the  eastern  coast  of  Africa  identical  with  those  col- 
lected by  himself  at  the  Philippines  and  at  the  eastern  coral-islands 
of  the  FtLci&c  Ocean :  now  the  distance  fVom  these  islands  to  Eastern 
Africa  is  equal  to  that  from  pole  to  pole.  Under  similar  circum- 
stances Dr.  Richardson  has  found  that  fishes  have  immense  ranges. 
Moreover  we  should  bear  in  mind,  how  few  genera  of  shells  are 
confined  to  particular  regions  of  the  world,  that  is,  if  we  compare 

*  StndsdLy't  Physictl  Descriptioii  of  New  South  Wales,  &c.,  p.  279  ei  $eq, 
t  Strzelecky,  anie  eit.,  tnd  the  Appendix  to  C.  Darwin's  Volcanic  IsUndi. 
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the  extra-tropical  zones  together  and  the  inter-tropical  zones  to- 
gether. Hence,  from  the  distribution  of  existing  mollusca,  wc  ought 
not  to  feel  surprised  at  the  fossil  species  of  the  same  period,  in  the 
roost  distant  quarters  of  the  same  great  zones,  being  sometimes  iden- 
tical, or  differing  only  by  specific  characters.  It  is  however  right  to 
add,  that  not  only  all  the  existing  shells  of  the  Falkland  Island  and 
of  Tierra  del  Fuego  are  specifically  different  from  those  of  the 
northern  hembphere,  but  I  think  that  they  differ  more  palpably  in 
form  than  do  the  palaeozoic  species  from  the  same  quarters :  in  this 
comparison  however  of  the  living  shells,  the  littoral  species  are  in- 
cluded ;  and  these  no  doubt  always  show  the  effects  of  climate  and 
other  external  influences  more  plainly  than  deep-water  genera,  such 
as  probably  were  Spirifer  and  Orthis. 


The  low  clay-slate  and  sandstone  districts  of  the  Falkland  Islands 
are  broken  by  numerous  ranges  varying  in  height  from  a  few  hundred 
feet  to  between  2000  and  2500  feet,  and  all  composed  of  stratified 
quartz.  This  rock  varies  from  an  arenaceous  mixture  to  a  pure  white 
granulo-crystalline  mass;  it  sometimescontains minute  imperfect  scales 
of  mica  arranged  in  parallel  planes,  and  often  small  specks  of  a  white 
substance,  like  earthy  feldspar,  exhaling  an  aluminous  smeU,  but 
quite  infusible  under  the  blowpipe.  Occasionally  the  rock  assumei 
a  curious  brecciated  appearance  (apparently  of  concretionary  origin), 
in  which  angular  fragments  of  nearly  pure  quartz  are  imbedd^  in 
an  opake  siliceous  paste,  partly  formed  of  the  white  earthy  matter. 
I  have  observed  these  white  and  yellowish  earthy  speclu  in  the 
quartz  rocks  of  several  other  countries,  and  likewise  in  a  calcareous 
rock  in  one  of  the  Cape  Verd  islands,  produced  by  the  flowing,  of 
submarine  lava  over  a  recent  shelly  mass.  The  rock  in  this  latter 
case  is  compact ;  and  in  a  series  of  specimens,  the  gradual  separation 
of  the  little  specks  of  earthy  matter,  either  through  their  mutual 
attraction,  or  more  probably  by  the  segregating  influence  of  the 
stronger  attraction  of  the  atoms  of  carbonate  of  lime,  could  be  most 
distinctly  traced.  There  is  good  evidence  that  the  quartz  of  the 
Falkland  Islands  has  been  softened  by  heat ;  and  the  analogy  is  so 
perfect  between  the  little  earthy  specks  in  the  two  cases,  that  I  be- 
lieve they  have  been  similarly  produced. 

I  nowhere  actually  saw  the  superposition  of  the  clav-slate*  on  the 
quartz,  but  in  several  places  on  the  sea-shore  I  traced  the  most  gra- 
dual transitions  between  these  two  widely  different  formations.  It 
was  particularly  curious  to  observe  how  insensibly  the  gently  inclined 
planes  of  stratification  in  the  quartz  disappeared,  and  the  highly  in- 
clined cleavage-laminae  of  the  clay-slate,  extending  in  their  usual 
course,  appeared :  it  was  impossible  to  point  out  where  the  strati- 

*  Captain  Sulivan  seems  to  have  found  on  the  western  island  subordinate  beds 
of  a  conglomerate  or  coarse  grauwacke.  On  this  island  there  appear  also  to  be 
traces  of  tertiary  and  boulder  formations,  corresponding  with  those  of  Tierra  del 
Fuego.    Captain  Sulivan  observed  on  the  western  island  numerous  basaltic  dikes. 
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fication  ended  and  the  cleavage  commenced.  From  the  manner  in 
which  the  clay-slate  and  sandstone  oflen  come  up  on  each  side  to  the 
base  of  the  quartz  ranges,  I  have  no  doubt  that  this  rock  is  a  lower 
and  more  arenaceous  formation  metamorphosed. 

The  many  parallel  ranges  of  quartz  in  the  eastern  part  of  the  group 
extend  east  and  west,  but  in  the  more  westerly  parts  they  run  W.N.W. 
and  E.S.E. :  on  the  west  side,  however,  of  the  great  Sound  between 
the  two  main  islands,  there  is,  according  to  Captain  Sulivan,  a  fine 
rbnge,  2000  feet  in  height,  at  right  angles  to  the  usual  direction,  and 
extending  N.N.E.  and  S.S.W.  The  outline  of  the  indented  coast, 
and  the  position  of  the  outlying  islets,  are  in  accordance  with  these 
axes  of  elevation.  The  cleavage-planes  of  the  clay-slate  strike  al- 
most invariably  in  the  same  direction  with  the  quartz  ranges:  the 
laminae  are  either  vertical  or  highly  inclined,  generally  at  an  angle 
above  50*^,  and  dip  either  north  or  south,  but  most  frequently  to 
the  south.  The  coincidence  in  direction  (but  not  in  dip)  between 
the  stratification  of  the  quartz  and  the  cleavage  of  the  slate  was 
strikingly  seen  at  the  western  end  of  the  Wickham  Heights,  which 
bend  from  their  usual  east  and  west  line  into  a  W«  35°  N.  course; 
and  here  at  the  foot  of  the  hills  I  found  the  slate  with  an  almost 
vertical  cleavage  striking  in  the  unusual  line  of  W.  30°  to  40°  N. 
I  may  add,  that  I  found  on  the  mainland  of  South  America  the 
cleavage- planes,  with  a  high  but  variable  dip,  extending  uniformly 
over  extremely  large  areas,  in  the  same  direction  as  at  the  Falkland 
Islands,  and  in  the  same  line  with  the  prevailing  axes  of  elevation, 
but  intersected  at  right  angles  by  other  subordinate  axes :  I  will  not 
however  here  enlarge  on  this  subject. 

The  beds  of  sandstone  included  in  the  clay-slate  in  the  lower  and 
less  troubled  parts  of  the  island  are  either  horizontal,  or  dip  in  va«> 
nous  directions,  most  commonly  to  the  south,  at  angles  between  10^ 
and  20°.  I  repeatedly  observed  that  the  clay-slate  had  exactly  the 
same  highly  inclined  cleavage  above  and  below  these  beds.  Where 
this  occurred,  the  sandstone  generally  broke,  when  struck,  in  the  line 
of  the  cleavage,  and  transversely  to  its  own  planes  of  division,  and 
the  seams  were  full  of  fossil  shells:  Professor  Sedgwick*  has  remarked 
the  same  fact  in  beds  of  limestone  similarly  situated ;  and  it  shows 
that  the  molecular  arrangement  even  of  these  compact  rocks  has 
undergone  some  change.  The  strike  of  the  cleavage,  although  co* 
incident  with  the  main  lines  of  elevation,  seems  to  have  no  reference 
to  the  minor  flexures ;  and  it  preserves  a  remarkable  uniformity  whe- 
ther the  stratification  of  the  clay-slate  (dLntinguishable  only  by  the 
intercalated  beds  of  sandstone)  has  remained  horizontal,  or  has  been 
tilted  at  small  angles  in  various  directions.  Captain  Sulivan,  who 
was  so  kind  as  to  observe  carefully  the  cleavage  of  the  rocks,  has 
however  given  me  a  drawing  and  minute  description  of  some  clay- 
slate  beds,  exposed  in  a  cliff  on  the  southern  coast,  in  which  the 
cleavage  in  some  of  the  beds  strikes  perpendicularly  without  having 
been  in  the  least  influenced  by  the  minor  flexures ;  whilst  in  othen 

*  Geological  Transactions,  2nd  Ser.,  vol.  iii.  p.  477. 
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it  it  exactly  at  right  angles  to  each  flexure.  The  beds  have  been 
crushed  into  numerous  successive  folds,  one  of  which  is  represented 
in  the  following  woodcut 


A,  D,  F.  Beds  of  cUy-alate,  with  cleaTage-laminae  perpendicular  to  the  horison. 
B  and  part  of  C.  Similar  beds,  with  the  cleavage  at  right  angles  to  every  flexure. 
B  and  parts  of  C.  Beds  of  imperfect,  non-laminated  clay-slate,  with  intercalated  i 

•feone  represented  b^  the  dotted  parts. 
F.  Nttcleiu  or  core  of  day-slate  formed  by  the  lateral  crushing  of  the  strata,  about  two  fieet  high 

and  one  foot  broad. 

B  nuclei  occur  in  almost  all  the  folds. 


of  sand- 


Captain  Sulivan  states,  that  in  some  of  the  strata  the  cleavage 
^'in  every  part,  however  much  twisted,  was  perpendicular  to  the  ho* 
rizon;"  in  others  "it  was  perpendicular  to  every  curve."  I  have 
never  myself  seen  an  instance  of  this  structure,  and  I  believe  it  is  a 
new  and  interesting  case. 

The  remaining  facts  which  I  have  to  give  refer  entirely  to  the 
structure  of  the  ranges,  composed  of  quartz  rock.  In  crossing  the 
eastern  island  in  a  N.N.W.  and  S.S.E.  direction,  in  a  line  intersecting 
the  head  of  Berkeley  Sound,  we  find  north  of  it  several  low,  parallel, 
interrupted,  east  and  west  ranges,  with  their  straitA  all  dipping  a  little 
west  of  south,  at  angles  varying  between  20°  md  40  .  South  of 
Berkeley  Sound  the  first  range  we  come  to  is  a  short  one,  rising 
like  all  the  others  through  the  clay-slate  formation  :  the  strata 
near  the  summit  of  the  principal  hill  are  most  regularly  arched, 
with  a  curvature  of  28°  in  the  line  of  our  imaginary  section,  and 
of  from  14°  to  16°  in  the  line  of  the  ridge:  on  the  summit  itself 
they  are  horizontal.  A  regular,  flat-topped,  oval  dome  (of  which ' 
a  section  is  here  given) 
has  thus  been  produced. 
A  valley  having  been  hol- 
lowed out  near  the  summit, 
a  very  curious  scene  of 
natural  architecture  is 
presented,  which  excited 
the  utmost  astonishment 


Dome-shaped  hill  of  quarts,  with  strata  dipping 
inwards  at  both  the  northern  and  southern  base. 


in  the  old  voyager  Dom  Pemetti.  At  the  northern  and  southern  base 
of  this  hill,  the  strata,  instead  of  being,  as  near  the  summit,  dome- 
shaped,  dip  directly  inwards  at  angles  of  40°  and  50° :  I  have  little 
doubt,  from  what  I  saw  in  other  places,  that  these  strata  form  parts 
(as  shown  by  the  dotted  lines  in  the  section)  of  outwardly  bulging 
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Hillock  of  qoaits  with  Miminit  of  uis-plane  throvn  oivcr 
tothetouth. 


flexures,  produced  apparently  by  the  weight  of  the  superincum- 
bent mass  on  the  lower  part  when  in  a  pasty  state. 

Proceeding  in  our  southern  course,  a  second  short  east  and  west 
range  is  met  with,  formed  of  three  principal  hills,  of  which  the  first 
(960  feet  high)  is  anticlinal  with  a  broken  summit.  The  second 
hill  b  also  anticlinal,  with  horizontal  strata  on  its  broad  summit, 
showing  traces  of  curvature  towards  the  edges :  the  inclination  is 
rather  greater  on  the  south  than  on  the  north  side.  Between  this 
aecond  and  third  hill  there  is  an  anticlinal  hillock,  the  strata  on  its 
south  side  dipping  at  an  angle  of  59^  and  its  summit  folded  as  repre- 
sented in  the  diagram.  3. 
We  here  see  that  the 
upper  part  of  the  axis- 
plane,  to  use  a  conve- 
nient term  of  the  Pro- 
fessors Rogers,  has 
been  pushed  over  to 
thesouth.  Throughout 
the  third  hill  the  strata 
at  first  appear  all  con- 
formable, dipping  from  50°  to  55°  N.  by  E.;  but  on  examination  I 
found  a  small  portion,  only  fifty  yards  across  in  the  line  of  the  dip. 
Inclined  at  an   angle 

of  26°  southward ;  and  *• 

the  tips  of  the  adjoin- 
ing beds  were,  as  re- 
presented in  the  dia- 
fram,  abruptly  arched, 
[ence  this  hill  has  been 
formed  by  a  mass  of 

stratadoubled  on  them-  °'^*'  only  fifty  yard. . 

selves,  with  the  axis-plane  thrown  quite  over  to  the  south,  as  was  the 
ease  with  the  upper  part  alone  in  the  above-mentioned  hillock. 

I  have  described  this  hill  more  particularly  on  account  of  a  curious 
appearance  presented  by  the  arched  parts  of  the  strata.  The  arching 
has  been  so  abrupt,  that  in  some  loose  fragments,  presenting  a  natund 
section,  the  radius  of  the  curve  is  seen  to  be  only  seven  feet  The 
end  section  of  one  such  fragment,  twelve  feet  in  length,  is  accurately 

?jiven  in  the  following  woodcut  (No.  5),  but  allowance  must  be  made 
or  a  little  displacement  from  an  open  fissure  crossing  it.  In  this 
case  the  convex  or  outer  and  exposed 
surface  is  remarkably  even  and  smooth ; 
it  is  traversed  in  the  line  of  the  axis 
of  curvature  by  numerous  parallel 
veins,  from  the  tenth  to  the  twentieth 
of  an  inch  in  thickness,  and  from  half 
^  an  inch  to  two  inches  apart  from  each 
other:  the^e  often  thin  out  at  both 
ends,  but  where  one  thins  out,  another 
commences  either  a  little  above  or 
below.  The  veins  are  partially  filled 
by  transverse  threads  of  quartz  very 


Stnto  of  quarts  dipping  50**  to  SS**  north,  with  a  fold  in  tfM 
middle,  c   "    " 
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imperfectly  crystallized.  The  quartz-rock  must  obviously  have 
been  in  a  pasty  condition,  when  it  suffered  without  fracture  such 
abrupt  curvatures;  and  it  was  impossible  to  examine  these  veins 
without  recognising  in  them  the  effects  of  the  stretching,  and  in  the 
fibres  or  imperfect  crystals  of  quartz,  the  adhesive  nature  of  the 
ductile  mass  *.  This  hill,  as  well  as  the  two  others  in  the  range,  show 
traces  of  a  qudqudversal  or  dome-shaped  stratification ;  and  we  can 
thus  understand  the  occurrence  of  some  few  veins  at  right  angles 
to  those  numerous  ones  in  the  line  of  the  principal  curvature  ;  for 
there  must  have  been  some  stretching  in  two  directions.  I  may  add 
that  the  arched  strata  in  the  more  regularly  dome-shaped  hill  before 
described  (No.  2),  were  intersected  by  a  rectangular  network  of  simi- 
lar veins,  almost  equally  numerous  in  both  directions.  All  these 
greatly  arched  masses  of  quartz  are  very  brittle. 

Referring  once  again  to  the  fragment  last  figured  (No.  5),  it  is  seen 
to  be  divided  by  interrupted  lines  of  stratification,  concentric  with  the 
outer  and  convex  and  now  accidentally  exposed  surface,  but  firmly 
united  together.  Captain  Sulivan  however  found  in  another  place 
innumerable  similar  fragments,  in  which  the  concentric  layers  were 
separate,  so  that  the  ground  was  strewed  with  gigantic  semi-cylinders 
of  quartz,  like  draining  or  ridge  tiles ;  he 
measured  one,  represented  in  the  diagram  6. 

annexed  (No.  6)  and  found  it  twenty  feet  in 
length,  with  a  nearly  regular  diameter  of 
twelve  feet.     In  this  instance  the  edges  or     f^^ 
rim  on  both  sides  are  of  equal  thickness  ;     I    || 
but  in  some  other  cases,  whilst  the  rim  on     /    'ill 
one  side  was  two  feet  thick,  on  the  other  it 
thinned  off  to  a  knife-edge,  evidently  in  con- 
sequence of  the  unequal  pressure  it  had  un- 
dergone. 

Crossing  a  wide  valley  of  slate  and  sand- 
stone we  come  to  the  chief  mountain-axis 
of  the  island,  varying  from  1500  to  2500 
feet  in  height,  and  running  nearly  east  and 
west.  The  strata  on  its  northern  flank  dip 
northward ;  on  the  summit,  which  is  from 
one  to  two  miles  broad,  they  are  horizontal ; 
on  its  southern  side  they  are  almost  vertical 
with  a  southerly  dip,  and  with  their  summits  close  to  the  horizontal 
beds  abruptly  arched  ;  so  that  in  this  main  range  we  have  the  same 
peculiar  form  of  elevation,  so  common  in  all  the  smaller  hills.  At 
the  southern  base  the  strata  were  in   some  places  folded  in  the 

*  In  a  paper  by  M.  Elie  de  Beaumont  read  before  the  Soc.  Philoroathiqae,  May 
1839  (L'lnstitnt,  1839,  p.  161),  it  is  sUted  that  M.  Gaudin  was  able  to  draw  oat 
threads  of  mehed  qnartz :  M.  Gaudin  also  found  that  quartz  (differently  from  ala- 
mina)  retained  its  viscidity  for  some  time  when  cooling, — a  fact  to  be  borne  in 
mind  when  we  attempt  to  account  for  the  remarkable  flexures  which  nearly  all 
the  qnartzose  ranges  in  this  island,  and  Ukewise  in  many  other  parts  of  the  world, 
have  undergone. 

t2 
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shape  of  upright  arched  gateways.  I  may  mention  that  fifteen  miles 
to  the  westwiuxl,  at  the  foot  of  Uiis  same  range,  I  found  two  hillocks 
of  quartz  only  twenty  yards  apart,  with  the  straU  dipping  at  exactly 
the  same  angle  of  40^  to  S.S.W.,  and  therefore  apparently  quite 
conformable ;  ()ut  on  close  inspection  the  ends  of  the  beds  on  the 
inner  side  of  one  hillock  were  seen  to  be  arched  in  such  a  manner, 
as  to  show  that  they  had  been  doubled  on  themselves,  with  the  axis* 
plane  inclined  at  an  angle  of  40^. 

A  wide  undulatory  district  of  slate  and  sandstone  extends  south-* 
ward  of  the  main  range ;  but  on  the  coast.  Captain  Sulivan  again 
found  two  east  and  west  quartz  ranges :  one  of  these  is  transversely 
intersected  by  a  creek  (near  Port  FitzRoy),  and  two  good  sections, 
a  hundred  feet  in  height,  are  exposed.  These  are  given  in  the  fol- 
lowing diagram  on  aacount  of  the  complexity  of  the  curvatures, 


almost  resembling  those  produced  by  the  mingling  together  of  two 
viscid  fluids  ;  and  because  in  crossing  the  country  any  one  would  be 
apt  to  think  that  the  dome-formed  hills  had  been  produced  by  single 
impulses  from  below,  whereas  we  now  see  that  perpendicularly  be- 
neath one  dome,  another  may  lie  hidden  in  the  solid  rock*. 

I  will  not  take  up  the  time  of  the  Society  by  giving  any  further 
details  on  the  geology  of  these  islands ;  nor  would  the  foregoing  ac- 
count have  been  worth  communicating,  had  it  not  been  for  the  in- 
terest which  is  justly  taken  in  ancient  fossils  coming  from  a  very 
dutant  quarter  of  the  world. 


iS.  Description  of  Eight  Species  of  Brachiopodous  Shells /rom 
the  Palaeozoic  Rocks  cf  the  Falkland  Islands.  By  John 
Morris,  Esq.,  F.G.S.,  and  Daniel  Sharpe,  Esq.,  F.G.S. 

Plates  X.,  XI. 

1.  Choxbtes  Falklandica,  sp, «.  PI.  X.  fig.  4. — Transversely  semi- 
oval;  upper  valve  convex,  with  a  slight  mesial  depression ;  lower 
valve  rather  concave ;  surface  covered  with  fine  bifurcating  rays 

*  It  is  singular  in  how  many  points  the  old  quartz-rock  of  Anglesea,  as  described 
ay  Professor  Henslow  in  his  admirable  paper  in  the  Cambridge  PhiL  Trans,  ^vd.  L 
p.  359) ,  agrees  with  that  of  the  Falkland  Islands.  The  quartz  of  Anglesea  is  gra- 
nulo-crystalline,  and  contains  white  earthy  spots  and  a  little  mica;  it  passes insen* 
albly  into  an  overlying  chluritic  schist,  and  this  a^aiu  iuto  clay-slate.  The  strata 
have  been  in  a  pasty  condition,  and  have  been  singularly  curved  :  they  strike  in 
tlw  same  direction  with  the  laminae  of  the  overlying  slates,  but  their  average  in? 
clination  is  less. 
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crossed  by  a  few  concentric  lines  of  growth.  Hinge  area  linear,  of 
the  breadth  of  the  shell ;  hinge  line  furnished  witH  fine  spines. 
Width  {•  of  an  inch,  length  \  an  inch. 

This  shell  so  closely  resembles  some  of  the  forms  of  the  Chonetes 
sarcinulaia  (LepUena  latOy  Sil.  Syst.)  of  the  Ludlow  rocks,  that,  if 
found  in  England,  it  might  probably  have  been  mistaken  for  a  va- 
riety of  that  species ;  it  is  however  somewhat  flatter,  more  square 
and  rather  larger.  The  spines  on  the  hinge  line  are  not  well  pre- 
served in  the  specimens  examined,  but  traces  of  them  may  be  di- 
stinctly seen.  The  C.  Falklandica  may  be  considered  as  belonging 
to  the  same  group  as  C.  sordida,  C  Hardrensisy  C.  Buchiaruiy  all 
of  which  are  closely-allied  species  to  the  C  sarcinukUa. 

2.  Orthis  Sulivani,  sp.  n,  PI.  X.  fig.  1. — Semi-ovate ;  ventral  valve 
nearly  flat,  dorsal  valve  gibbose ;  surface  covered  with  fine  sharp 
bifurcating  striae,  increasing  towards  the  margin  toabout  150, 
crossed  by  3  or  4  concentric  lines.  Hinge  line  neaii^  as  wide 
as  the  shell,  hinge  area  broad  and  triangular.  Interior  of  both 
valves  striated  for  about  \  of  an  inch  round  the  edge,  producing 
a  fringed  appearance  in  the  cast. 
Width  1|  inch,  length  l^inch. 

There  is  a  slight  resemblance  between  this  species  and  the  Atrypa 
reticularis  of  the  Silurian  System ;  it  is  however  a  true  Orthis  and 
has  a  finer  striation  than  that  shell ;  in  the  latter  genus  it  is  most 
nearly  related  to  an  Orthis  common  to  the  Coniston,  &c.  beds  of  the 
Silurian  formation,  about  to  be  described  and  figured  by  Professor 
Sedgwick. 

This  species  has  been  dedicated  to  Captain  Sulivan,  who  was  em- 
ployed in  the  survey  of  the  Falkland  Islands,  and  who  materially 
contributed  towards  the  enlargement  of  the  geological  collection 
from  them. 

S.  Orthis  tenuis,  sp. n.  Pi.  XI.  fig. 4'.— Nearly  semicircular;  both 
valves  flat  and  covered  with  fine  bifurcating  striae,  increasing 
to  about  200  at  the  margin,  and  crossed  by  a  few  concentric 
lines.  Hinge  area  of  the  width  of  the  shell,  linear.  The  cast 
is  scarcely  thicker  than  a  sheet  of  paper  and  faintly  marked  by 
the  striae. 

Width  1^  inch,  length  ^  of  an  inch. 

Nearly  allied  to  the  Orthis  expansa  and  O,  grandis  of  the  Lower 

Silurian  rocks. 

4.  Orthis  concinna,  sp.  n.  PI.  X.  fig.  2. — Semi-oval ;  both  valves 
slightly  convex,  covered  with  very  fine  bifurcating  striae,  in- 
creasing to  about  120  at  the  margin,  and  crossed  by  a  few  con- 
centric lines.  Hinge  area  of  the  width  of  the  shell  and  nearly 
linear. 

Width  1  inch,  length  f  of  an  inch. 

This  species  is  closely  allied  to  the  Orthis  tenuis,  but  it  is  less  flat 

and  of  a  more  rounded  form. 
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5«  Atrypa  palmata,  sp.  n.  PI.  X.  fig.  3« — Nearly  hemispherical ; 
the  ventral  valve  flat  or  slightly  concave  in  the  middle,  with  the 
edges  a  little  depressed,  the  dorsal  valve  highly  convex ;  valves 
with  15  or  16  prominent  rounded  ribs,  equal  to  the  furrows 
between  them.  Hinge  line  less  than  the  width  of  the  shell  and 
nearly  straight 
Width  f  inch,  length  \  of  an  inch. 

The  equal  rounding  of  the  ribs  and  furrows  gives  a  peculiar  wavy 
or  palmate  appearance  to  the  surface  of  the  shell,  which  is  not  of 
common  occurrence,  but  of  which  we  have  instances  in  the  Atrypa 
hemUpJuBrica  of  our  Caradoc  sandstone,  and  in  the  Chifiis  caUactis 
of  Dalman.  The  resemblance  between  our  species  and  the  A.  he- 
mispluBrica  is  very  striking. 

6*  Spirifer  Hawkinsii,  sp.n.  Pl.XI.  fig.l. — Shell  transversely  elon- 
gated ;  front  rounded ;  5  imbricated  ribs  on  each  side,  the  two 
middle  ones  acute,  prominent,  and  nearly  equal  to  the  mesial 
ridge,  which  is  slightly  furrowed ;  the  lateral  ribs  diminish  in 
importance  as  they  approach  the  edge;  intervening  furrows 
rather  wider  than  the  ridges  and  rounded.  Hinge  area  of  the 
width  of  the  shell,  broad  and  longitudinally  striated. 

Cast  of  the  dorsal  valve ;  beak  prominent,  with  a  deep  mesial  de- 
pression, only  3  ribs  distinctly  marked  on  each  side  towards  the 
front  of  the  shell ;  rest  of  the  east  nearly  smooth. 

The  cast  of  this  species  bears  great  resemblance  to  that  of  S.  spe- 
eumu  from  the  Eifel. 

Width  2  inches,  length  nearly  1  inch. 

7.  Spirifer  Antarcticus,  sp.  n.  PL  XI.  fig.  2. —Transversely  fusi- 

form, nearly  equivalved,  with  20  to  24?  prominent,  sharp,  im- 
bricated ribs ;  mesial  ridge  of  the  ventral  valve  similar  in  form 
to  the  ribs,  but  larger  and  more  elevated ;  mesial  furrow  of  the 
dorsal  valve  deep  and  angular.  Hinge  area  of  the  width  of  the 
shell,  very  broad  and  triangular,  with  well-marked  longitudinal 
lines. 
Cast ;  ribs  well-defined ;  beak  of  the  dorsal  valve  straight  and  very 
prominent,  with  a  deep  mesial  furrow  and  a  slight  furrow  on 
each  side. 
Width  3^  inches,  length  1  finch ;  height  of  hinge  area  f  of  an  inch. 

8.  Spirifer  Orbignii,  tjh  n.  PL  XL  fig.  3. — Gibbose,  neariy  semi- 

circular ;  about  20  prominent,  rounded,  imbricated  ribs ;  mesial 
ridge  broad,  elevated,  flattened  above  and  slightly  furrowed ; 
mesial  furrow  deep  and  rounded.  Hinge  area  of  the  breadth 
of  the  shell,  narrow. 
Cast ;  ribs  well-defined ;  beak  of  the  dorsal  valve  heart-shaped,  with 
a  sharp  deep  mesial  furrow  and  2  or  3  nearly  obsolete  furrows 
on  each  side ;  ventral  valve,  cast  of  the  mesial  ridge  traversed 
for  the  upper  half  of  its  length  by  a  sharp  slit,  which  divides 
the  top  of  the  ridge  into  two  points. 
Width  2f  inches,  length  1|  inch. 
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The  specimens  examined  of  these  three  species  of  Spirifor  are 
so  imperfectly  preserved,  that  it  is  impossible  to  obtain  good  specific 
characters;  they  are  however  very  distinct  from  each  other;  but  it 
may  be  stated  that  they  also  bear  a  general  resemblance  to  the  spe- 
cies of  Spirifer  described  in  Count  Strzelecki's  work  on  Australia,  and 
a  careful  comparison  might  be  hereafter  advantageously  instituted 
with  better-preserved  specimens. 

The  number  of  species  collected  by  Mr.  Darwin  from  the  Falk- 
land Islands  is  too  limited  to  justify  any  close  comparison  with  the 
palaeozoic  fauna  of  other  portions  of  the  globe,  still  however  their 
allocation  is  rather  interesting :  of  the  eight  species  above  described, 
all  belong  to  the  family  of  Brachiopoda,  which  appear  to  have  con- 
stituted the  chief  portion  of  the  fauna  of  that  locality,  and  there  is  also 
a  species  of  Orbicula  (PI.  X.  fig.  5),  too  imperfect  to  be  described ; 
these  are  associated  with  numerous  traces  of  Crinoidal  stems,  an 
Avicula,  and  fragments  of  a  Trilobite. 

The  individuals  belonging  to  the  various  species  of  Spirifer  were 
few  in  number;  those  belonging  to  Orthis,  Choiietes  and  Atrypa 
appear  to  have  been  abundant  or  rather  gregarious  in  character, 
just  as  we  find  some  species  of  TerebratulcB  at  the  present  period 
abounding  on  the  sand  and  mud-banks  beneath  the  sea. 

In  their  alaeform  character  and  the  paucity  of  ribs,  the  species  of 
Spirifer  approach  those  obtained  from  the  altered  limestones  and 
sandstone  of  Southern  Australia  and  Van  Diemen*s  Land ;  they  like- 
wise bear  some  resemblance  to  Devonian  species  from  the  Eifel,  and 
to  some  forms  described  by  M.  d'Orbigny  from  South  America. 

The  Orthidse,  of  which  the  individuals  are  numerous  in  the  Falk- 
land Islands,  have  not  yet  been  observed  in  Australia,  and  are  rarely 
met  with  on  the  continent  of  South  America :  as  regards  their  affi- 
nity, they  bear  considerable  resemblance  to  some  species  of  the 
northern  regions  which  characterise  the  Lower  Silurian  strata,  as 
described  in  the  *  Silurian  System*  of  Sir  II.  Murchison.  Thus  we 
cannot  attempt  to  place  the  beds  in  the  Falkland  Islands  which  have 
supplied  these  specimens,  on  the  level  of  any  particular  portion  of 
the  European  scale  of  formations,  but  must  be  contented  with  saying 
that  they  belong  to  a  part  of  the  palaeozoic  series  of  which  the  posi- 
tion is  still  undetermined.  In  the  intermixture,  abundance  and 
analogy  of  form  of  the  species  of  Orthis,  Atrypa  and  Chofietesy  they 
bear  a  still  more  remarkable  resembl^ce  to  the  collection  made  by 
Captain  Bayfield  from  North  America. 

The  Chonetes  Falklandicuy  as  previously  observed,  is  scarcely 
separable  from  CsarciHulatat  a  species  having  a  wide  geographical 
and  vertical  range. 

The  general  occurrence  and  extensive  distribution  of  many  species 
of  Brachiopoda,  either  identical  in  character  or  analogous  in  form,  in 
the  palaeozoic  strata,  has  always  been  a  subject  deeply  interesting  to 
the  palaeontologist,  and  has  given  rise  to  the  opinion,  that  a  more 
equable  temperature,  a  greater  uniformity  of  physical  character  and 
surface  arrangements  may  have  been  instrumental  in  producing  thb 
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extension  in  the  northern  regions  during  the  palaeozoic  period ;  and 
the  valuable  researches  of  Mr.  Darwin  have  also  revealed  to  us  that 
the  existing  conditions  of  some  portions  of  the  southern  hemisphere 
at  the  same  »ra  were  favourable  to  the  development  of  other  spe- 
cies of  the  family  Brachiopoda  nearly  related  to  those  which  in 
l^ortbern  Europe  characterise  the  rocks  of  the  palaeozoic  aenu 

EXPLANATION  OF  THE  PLATES. 
Platb  X. 
Fig.  1.  Ortku  Sukoanif  sp.  n. 

a.  Ventral  valve,  exterior. 

b.  Dorsal  valve,  exterior. 

c.  Ventral  valve,  interior. 

d.  Dorsal  valve,  interior. 

2.  Orthia  conemHa^  sp.  n. 

a.  Dorsal  valve,  exterior. 

b.  Dorsal  valve,  interior. 

3.  Atrypa  palmata,  sp.  n. 

a.  Ventral  valve,  exterior. 
h.  Dorsal  valve,  exterior. 

c.  Dorsal  valve,  interior. 

d.  Ventral  valve,  interior. 

4.  Choneiet  Fatkkthdica,  sp.  n. 

a.  Ventral  valve,  exterior. 

b.  Dorsal  valve,  interior. 

c.  Ditto,    ditto. 

5.  Orbieula  (undetermined). 

Platb  XL 
Fig.  1.  Spirtfer  Hawkmrii^  sp.  n. 

a.  Ventral  valve,  exterior. 

b.  Dorsal  valve,  interior. 

2.  Spiffifer  antareticua,  sp.  n. 

a.  Ventral  valve,  exterior. 

b.  Dorsal  valve,  interior. 

3.  S^ir\fer  Orbigmif  sp.  n. 

a.  Dorsal  valve,  interior. 

b.  Ventral  valve,  interior. 

c.  Dorsal  valve,  exterior. 

4.  Orthii  tenmSf  sp.  n. 

a.  Ventral  valve,  exterior. 

b.  Dorsal  valve,  interior. 


3.  Notice  on  the  CoAL-FiELulf  ©^Alabama  ;  being  an  extract  from 
a  Letter  to  the  President  yrom  Charles  Lyell,  Esq^  F.R.S., 
dated  Tuscaloosa,  Alabamay  \5th  February  1846. 

Since  my  arrival  in  Alabama  I  have  devoted  part  of  my  time  to  the 
investigation  of  the  carboniferous  rocks,  and  have  obtained  informa- 
tion respecting  some  coal-fields,  the  very  existence  of  which  in  this 
State  was  unknown  to  me  in  1844,  when  I  compiled  the  Map  of  the 
Geology  of  the  United  States,  published  in  my  '  Travels.'  On  my  way 
southwards,  I  had  learnt  from  several  persons  in  Georgia  that  the 
dty  of  Mobile  was  supplied  with  bituminous  coal,  brought  down  the 
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Tombecbee  River  from  Tuscaloosa,  a  navigation  of  about  400 
milep.  This  coal  is  procured  from  the  neighbourhood  of  Tusca- 
loosa, a  place  situated  near  the  centre  of  Alabama,  and  more  than  a 
hundred  miles  further  south  in  a  direct  line  than  the  southern  limit 
which  I  had  assigned  to  the  Appalachian  coal-field,  which  I  sup- 
posed to  terminate  near  the  great  bend  of  the  Tennessee  River. 

The  fact  of  coal  occurring  near  Tuscaloosa  had  been  previously* 
mentioned  to  me  by  Mr.  Conrad,  but  he  was  uncertain  respecting  its 
age ;  and  the  circumstance  of  its  occurrence  near  the  Falls  of  the 
river,  not  far  from  the  northern  outcrop  of  the  cretaceous  strata, 
together  with  the  fact  of  its  quality  being  preferred  to  all  other  coal 
for  the  manufacture  of  gas  at  Mobile,  made  me  suspect  that  H  might 
prove  to  be  of  the  age  of  the  Richmond  coal,  which  is  also  bitumi- 
nous, situated  near  the  Falls  of  the  James  River,  and  which,  as 
Professor  W.  B.  Rogers  has  pointed  out,  is  newer  than  the  ancient 
carboniferous  series. 

In  order  to  determine  on  the  spot  the  question  in  regard  to  its 
age,  I  ascended  the  Tombecbee  from  Mobile  to  Tuscaloosa,  where 
at  the  University  I  found  Professor  Brumby,  who  had  examined 
with  considerable  care  the  geographical  boundaries  of  the  produc-* 
tive  coal-measures  and  the  structure  of  the  region.  With  him  I 
made  an  excursion  to  some  of  the  pits,  or  rather  open  quarries  of 
coal,  where  the  edges  of  the  beds  of  several  seams  have  been  dug 
into  by  different  individuals  entirely  ignorant  of  mining  operations, 
but  with  no  small  success,  the  quality  being  good  at  the  point  of  the 
natural  outcrop.  I  found  the  coal-seams  covered  everywhere  with 
beds  of  ordinary  black  carbonaceous  slate  full  of  impressions  of  more 
than  one  species  of  Calamite,  with  ferns  of  the  genera  Sphenopteris 
and  Neuropterisy  and  impressions  of  Sigillaria  and  Lepidodendron, 
In  some  of  the  beds  Stigmaria  has  also  been  met  with  not  unfre- 
quently,  and  I  recognise  a  specific  identity  between  several  of  the 
most  common  of  these  coal  plants,  and  those  which  I  formerly  ob- 
tained from  the  mines  of  Ohio  and  Nova  Scotia.  1  also  observed  the 
complete  difference  between  these  fossil  plants  and  those  most  charac- 
teristic of  the  newer  or  Virginian  coal-field  near  Richmond,  which  1 
lately  had  an  opportunity  of  examining  on  my  way  south.  The  strike 
of  the  coal-beds  in  Alabama  is  also,  where  I  have  seen  them,  north- 
east and  south-west,  agreeing  with  the  general  direction  of  the  Alle- 
gany Mountains,  of  which,  geologically  speaking,  they  are  evidently 
a  southern  prolongation.  They  are,  in  fact,  portions  of  the  great 
Appalachian  coal-field,  with  all  the  same  mineral  and  palaeontological 
characters,  the  beds  having  been  bent  into  similar  ridges  to  those  of 
the  Alleganies,  with  corresponding  dips  to  the  north-west  and  south- 
east ;  and  we  have  no  reason  to  suppose  that  Tuscaloosa,  in  lat.  33° 
10^  south,  is  the  extreme  southern  limit  of  the  formation,  for  the 
carboniferous  strata  are  merely  concealed  from  observation  south  of 
this  point  by  the  lower  gravelly  and  sandy  beds  of  the  cretaceous 
group  which  extends  to  Tuscaloosa. 

In  the  eastern  part  of  Alabama,  a  zone  of  hypogene  or  granitic 
rocks  separates  the  tertiary  and  cretaceous  strata  of  the  Atlantic 
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fAain  from  the  older  formations  of  the  Allegany  Mountains,  as  is 
usual  along  the  eastern  border  of  the  United  States.  This  granitic 
formation  still  appears  at  Wetumplia  on  the  Alabama  River,  where 
the  lower  cretaceous  rocks,  as  I  learn  from  Professor  Brumby,  rest 
OD  mica  schist ;  but  on  reaching  the  Cahawba  further  west,  and  the 
Warrior  River  at  Tuscaloosa,  we  find  the  carboniferous  strata  con- 
cealing the  granite,  and  coming,  as  before  stated,  into  direct  contact 
with  &e  cretaceous  rocks,  which  I  have  seen  resting  unconformably 
upon  the  coal  at  the  Falls  at  Tuscaloosa.  At  this  junction  the  creta- 
ceous group  consists  of  beds  of  quartzose  gravel,  such  as  I  have  seen 
intimately  connected  with  cretaceous  fossils  at  Montgomery  on  the 
Alabama  River.  At  Tuscaloosa  the  underlying  gray,  micaceous 
sandstone  of  the  coal  is  full  of  Calamites  and  impressions  of  Lepi- 
dodendron  and  Sigillaria,  which  I  beheld  with  no  small  interest,  as 
they  constitute,  if  I  mbtake  not,  the  extreme  southern  limit  to  which 
the  peculiar  vegetation  of  the  ancient  carboniferous  sera  has  yet  been 
traced,  whether  on  the  western  or  eastern  side  of  the  Atlantic  It 
is  due  to  Mr.  Conrad  to  state,  that  in  an  outline  map  of  the  Geology 
of  Alabama  made  during  hb  tour  in  1 833,  and  which  he  presented 
to  me  in  1842,  with  permission  to  publish  any  part  of  it,  I  find  the 
northern  boundary  of  the  lower  cretaceous  deposits  in  their  course 
through  the  States  marked  out  with  considerable  approach  to  ac- 
curacy. 

The  several  members  of  the  carboniferous  series  which  I  have 
seen  while  in  company  with  Professor  Brumby,  within  a  distance  of 
between  thirty  and  forty  miles  north-east  of  Tuscaloosa,  consist,  first, 
of  productive  coal-measures,  containing  the  usual  white  quartzose 
sandstones  and  grits,  with  greenish  and  yellowish  sandstones,  some 
of  which  are  thinly  laminated  and  ripple-marked,  and  contain  Cala- 
mites.  These  form  the  highest  beds,  and  below  them  shales  and 
days  predominate  with  several  subordinate  seams  of  coal,  from  three 
to  upwards  of  four  feet  thick.  Below  these  beds,  of  which  I  saw  a 
thickness  of  many  hundred  feet,  there  lies,  secondly,  a  great  deposit 
of  quartzose  grit,  of  which  millstones  are  sometimes  made,  and 
which  reminded  me  of  our  millstone-grit,  and  of  the  fundamental 
conglomerate  of  the  Appalachian  coal-field.  It  passes  downwards 
into  thinly  laminated  sandstones  and  dark  slates  of  small  thickness. 
This  group  is  succeeded  (3)  by  fetid  limestones,  with  chert  and 
homstone,  usually  without  fossils,  but  in  some  of  the  siliceous  beds 
of  which,  casts  of  Encrinites,  Producta,  Orthis  and  several  corals 
abound.  This  inferior  formation,  which  may  perhaps  belong  en- 
tirely to  the  carboniferous  series,  also  contains  still  lower  down  a 
limestone  charged  with  iron ;  and  an  enormous  mass  of  brown  he- 
matite appears  to  constitute  a  regular  bed,  and  not  a  vein,  and  to 
be  destined  one  day,  like  the  coal,  to  be  a  source  of  great  mineral 
wealth  to  Alabama- 
It  would  have  been  impossible  for  me,  during  my  short  visit,  to 
form  more  than  a  conjectural  opinion  respecting  the  structure  of 
this  coal-field,  still  less  to  determine  its  geographical  area,  had  not 
these  subjects  been  previously  studied  with  great  care  and  scien- 
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tific  ability  by  Mr.  Brumby.  Of  the  extent  of  the  coal  in  Alabama 
he  publbbed  a  brief  account  in  18S8  in  Barnard's  Almanac,  and 
communicated  the  same  to  Dr.  Sillimau ;  and  from  the  observations 
which  we  have  lately  made  together,  and  from  his  notes  and  infor- 
mation, it  may  be  inferred  that  a  section  from  the  north-west  to  the 
south-east,  passing  through  the  basins  of  the  Warrior  and  Cahawba 
rivers,  would  present  an  anticlinal  axis  along  the  line  of  the  water- 
shed between  the  two  rivers,  in  the  middle  of  which  the  beds  are 
highly  inclined,  and  often  vertical,  while  on  both  sides  the  produc- 
tive coal-measures  occur  in  separate  basins,  their  strata  having  a 
slight  dip,  and  being  in  many  places  nearly  horizontal.  These  views 
will  best  be  explained  by  the  annexed  section. 


N.W. 
Black  Warrior  R. 

SscTioN  acrou  the  Alabama  CoAL-riBLDS. 
Rooks  Valley. 

S.E. 
Cahawba  R. 

i 

Z^^/^^. 

^^^^^^^T/I'^W^^ 

^^;^ 

Coal. 

Grit.                   Limestone.                          Grit. 
Length  of  section  50  miles. 

Coal. 

In  regard  to  the  most  western  of  the  two  coal  -fields,  or  that  ou 
the  Warrior  River  (the  principal  tributary  of  the  Tombecbee),  it 
has  been  found  ^y  Professor  Brumby  to  be  no  less  than  ninety  miles 
long  from  north-east  to  south-west,  with  a  breadth  of  from  ten  to 
thirty  miles,  extending  through  the  counties  of  Tuscaloosa,  Walker, 
Jefferson  and  Blount,  on  both  sides  of  the  Warrior  River  and  its 
several  branches.  Throughout  all  this  area,  seams  of  bituminous 
coal  crop  out ;  but  the  number  and  thickness  of  these  it  has  as  yet 
been  impossible  to  ascertain,  no  survey  having  been  made.  They 
must  however  be  numerous,  for  I  saw  several  separated  by  a  slight 
thickness  of  intervening  strata  at  points  between  eleven  and  twenty 
miles  north-east  of  Tuscaloosa ;  and  I  am  informed,  that  in  one  place 
in  the  bed  and  banks  of  the  Warrior  River  three  seams  are  exposed 
to  view,  one  above  the  other,  the  lowest  and  largest  being  ten  feet 
io  thickness. 

The  more  eastern  coal-field,  or  that  of  the  Cahawba,  is  nearly  of 
equal  length  and  breadth,  terminating  southwards  at  Centreville, 
where  it  meets  the  lower  cretaceous  beds,  and  extending  from  thence 
through  Bibb,  Shelby,  Jefferson  and  St.  Clair  counties,  to  the  source 
of  the  Cahawba  River.  In  this  also  numerous  beds  of  coal  of  good 
quality  have  been  found,  and  worked  to  slight  depths. 

A  third  coal-field  on  the  northern  confines  of  the  State  of  Ala- 
bama, is  that  of  the  Tennessee  Valley.  It  is  separated  from  the  two 
former  by  a  broad  but  low  chain  of  mountains,  running  nearly  east 
and  west,  which  intervenes  between  the  Tennessee  and  the  sources 
of  the  Warrior  and  Cahawba  rivers.  These  mountains,  according  to 
Professor  Brumby,  consist  of  strata  older  than  the  productive  coal- 
measures,  and  similar  to  those  seen  by  me  in  Rook's  Valley. 

The  coal  on  the  Tennessee,  above  sdluded  to,  may  perhaps  be  con- 
tinuous with  that  of  the  great  Appalachian  coal-field.     I  hope  here- 
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after  to  be  enabled  to  give  a  more  full  account  of  the  fossil  plants  of 
these  Alabama  coal-fields,  a  comparison  of  which,  since  they  form 
the  extreme  southern  limit  of  the  carboniferous  flora,  with  those  of 
the  north,  will  deserve  particular  attention. 


London^  June  23,  1846. — The  above  observations  were  written 
at  Tuscaloosa  in  February  last,  and  sent  from  thence  to  the  Geolo- 
gical Society.  On  my  return  to  England  I  found  the  paper  already 
in  type,  and  about  to  be  printed  off,  but  an  opportunity  having  been 
offered  me  of  adding  this  note,  I  submitted  the  specimens  to  my 
friend  Mr.  Charles  J.  F.  Bunbury,  F.G.S.,  who  immediately  com- 
pared them  with  publi:*hed  plates  and  the  fossil  plants  in  the  Society's 
collection.  The  result  of  his  examination  confirms  the  conclusions 
to  which  I  had  arrived,  and  his  specific  identification  of  several  of 
the  Alabama  remains  with  well-known  European  fossils  is  highly 
interesting.  Although  the  decomposed  state  of  the  matrix  in  which 
the  plants  were  obtained,  near  the  outcrop  of  the  strata  where  the 
shales  are  changed  into  soft,  pale,  laminated  clays,  has  occasioned 
the  loss  of  some  of  the  Ferns  and  Sigillariae,  Mr.  Bunbury  has  never- 
theless been  able  to  give  a  list  and  description  of  the  following  six- 
teen forms : — 1.  Sphenopteris  latifolia^  Ad.  Brongn.  2.  Sk  Dubuis- 
Boni  ?  Ad.  Brongn.  3.  Sphenopteris,  allied  to  the  last,  perhaps  a 
variety  of  the  same.  4.  Neuropteris  tenuifolia.  Ad.  Btongn.  5.  Neu- 
ropteris  Grangeri,  or  JV.  gigantea  ?  6.  Calamites  canruBformis* 
7.  CcUamite,  obscure  specimen  allied  to  the  foregoing.  8.  jLepido- 
dendron  elegansy  var.?  9.  Lepidodendron  allied  to  L,  dilatatum^ 
Foss.  Flora.  10.  LepidophyUum?  11.  Sigillariay  decorticated. 
12.  Siigmariajicoides,  18.  Poacites?  14.  Bechera  tenuis,  n.  sp^ 
Very  nearly  allied  to  B.grandis,  Foss.  Flora.  15.  Asterophyliiies  ? 
flaccida.     16.  PhylUteSy  resembling  the  leaf  pf  Sparganium, 

The  palaeontologist  will  perceive  at  once  that  no  less  than  half  of 
the  species  in  the  above  list  agree  with  well-knplFn  European  fossils 
of  the  old  carboniferous  formation,  and  the  rest  belong  to  genera 
which  are  common  in  our  coal-measures,  and  may  perhaps  agree 
with  European  fossils  when  procured  in  a  better  state  of  preserva- 
tion. The  leaves  resembling  Sparganium,  however,  which  are  very 
abundant,  appear  to  Mr.  Bunbury  to  be  new. 

When  we  recollect  that  the  Tuscaloosa  coal  is  found  in  lat. 
83^  10'  north,  and  that  several  of  its  most  common  fossils  are  of  the 
same  species  as  those  of  Northumberland  in  lat.  54°  north,  at  a 
distance  of  nearly  5000  miles  (the  broad  Atlantic  Ocean  now  inter- 
vening), we  cannot  but  be  struck  with  this  new  proof  of  the  wide 
extension  of  a  uniform  flora  in  the  Carboniferous  period,  especially 
as  Alabama  is  situated  much  farther  south  than  any  region  in  which 
this  ancient  flora  had  previously  been  studied,  whether  in  Europe 
or  North  America.  Geologists  will  therefore  rejoice  to  learn  that 
Professor  Brumby  is  fully  alive  to  the  importance  of  a  more  full 
investigation  of  the  plants  of  the  country,  of  which  he  will  soon,  it  is 
hoped,  have  it  in  his  power  to  form  a  large  collection. 
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Contributions  to  the  Geology  o/* North  Wales.     By  Daniel 
Sharpe,  Esq.,  F.G.S. 

Plates  XII.,  XIII. 

[Read  March  6th,  1844.] 

The  author  made  a  tour  in  North  Wales,  having  two  objects  prin- 
cipally in  view :  the  first,  to  classify  the  stratified  rocks  of  that 
country;  the  second,  to  ascertain  what  are  the  beds  that  lie  below 
the  Silurian  rocks  of  Sir  R.  Murchison,  and  whether  those  beds  con- 
tain any  organic  remains. 

After  first  observing  the  structure  of  those  parts  of  the  country 
where  the  order  of  superposition  in  the  beds  was  already  known,  he 
proceeded  to  examine  other  districts  where  the  arrangement  of  the 
rocks  is  more  obscure  and  complicated. 

Upper  Silurian  Rocks. — Llangollen  district. 

He  began  by  studying  the  Llangollen  district,  described  by  the 
late  Mr.  Bowman  ♦.  He  agrees  with  that  geologist  in  referring  the 
Upper  Silurian  rocks  in  that  neighbourhood,  partly  to  the  Ludlow 
and  partly  to  the  Wenlock  series  of  Sir  R.  Murchison. 

Ludlow  series, — This  series,  in  descending  order,  consists  of 

1.  Thin,  grey,  micaceous  beds,  containing  Terebratula  navicular 
LepUsna  IcUa,  several  species  of  Cypricardia,  and  other  fossib. 

2.  Liver-coloured  shales. 
S.  Blue  shale. 

The  distinction  which  exists  in  the  English  border  counties,  be- 
tween the  Upper  and  Lower  Ludlow  beds,  cannot  here  be  made 
out ;  nor  is  there  any  trace  of  the  Aymestry  limestone.  There  are 
so  few  fossils  in  the  greater  part  of  the  Ludlow  and  Wenlock  series 
in  North  Wales,  that  it  is  by  difi*erences  of  colour  or  mineral  com- 
position that  one  is  often  obliged  to  distinguish  them.  The  Lud- 
low series  is  of  soft  texture,  is  readily  decomposed  by  weathering, 

*  See  Trans.  Geol.  Soc.  Manchester,  vol.  i.  p.  194. 
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and  U  rarely  affected  by  cleavage.  The  Ludlow  rocks  of  Llan- 
gollen dip  at  a  low  angle,  and  pass  conformably  below  the  moun- 
tain limestone  of  Eglyseg  Crags.  To  the  west  and  south  they  are 
bounded  unconformably  by  lofty  hilb  belonging  to  the  Wenlock 
series,  which  appear  to  have  been  elevated  before  the  deposition  of 
the  Ludlow  rocks ;  and  the  latter,  since  they  were  deposited,  ap- 
pear to  have  been  little  disturbed. 

Outlier  rf  Mountain  Limestone  at  Guerclas,  west  of  Corwen;  and 
district  of  LMdtow  Rocks  west  cf  Corwen^  and  of  the  Nant  Mar- 
wynion  fault, — On  passing  from  Corwen  along  the  Holyhead-road 
to  the  left  bank  of  the  Dee,  from  Lower  Silurian  rocks,  having 
an  eastern  strike,  and  hereafter  to  be  noticed,  you  enter  on  a  di- 
strict of  more  recent  origin,  where  the  beds  strike  N.,  N.W.,  or  N.E. 
The  gravel  which  here  covers  the  valley  of  the  Dee  conceab  one  of 
the  principal  faults  of  the  country,  the  continuation  of  the  Nant  Mor- 
wynion  fault,  hereafter  mentioned. 

On  the  left  bank  of  the  Dee,  at  the  north-east  end  of  Cefn  IVIawr, 
is  a  detached  outlier  of  mountain  limestone,  about  half  a  mile 
long  and  a  quarter  of  a  mile  wide,  which  is  laid  down  on  Mr. 
Greenough's  map.     It  is  a  mile  and  a  half  west  of  Corwen. 

It  is  well-exposed  in  open  quarries,  and  consists  of  thick  beds 
of  light  grey  limestone,  alternating  with  dark  and  black  argillaceous 
■hale,  agreeing  in  character  with  the  shale  that,  in  the  neighbour- 
ing districts  of  mountain  limestone,  is  found  in  the  lower  part  of 
that  formation.  The  author  obtained  from  these  quarries  many 
Well-known  fossils  of  the  mountain  limestone.  The  beds  of  this 
mass  dip  north-east,  from  a  low  angle  up  to  45^. 

To  the  west  of  the  limestone,  and  underlying  it,  is  a  rotten  grey 
■hale,  readily  decomposing  into  mud ;  which,  at  Pont  Bryn,  a  mile 
further  west,  dips  E.N.E.  45^.  To  the  west  of  the  Druid  Inn,  on 
the  Holyhead-road,  is  a  quarry  of  the  same  rocks,  dippping  E.N.E. 
80^.  These  beds  tiie  author  was  able  to  connect  with  well-exposed 
beds  of  Ludlow  shale,  which  stretch  along  the  west  side  of  the  Nant 
Morwynion  fault  towards  the  head  of  the  vale  of  Clwyd*.  There, 
at  the  distance  of  about  six  miles  from  Guerclas,  they  pass  con- 
formably beneath  the  mountain  limestone  range  of  Pwll  Naid,  near 
Llanelidan,  a  range  which  extends  from  that  point  northwards 
along  the  western  side  of  the  vale  of  Clwyd.  The  Ludlow  shale 
therefore  is  seen  to  be  continuous  from  the  limestone  of  Guerclas 
to  that  of  Pwll  Naid. 

Wenlock  series. — The  beds  of  this  series,  in  descending  order,  are 
the  following : — 

1.  Thin  beds  of  hard  blue  siliceous  schbt 

2.  Light  blue  shales,  with  grey  streaks  of  a  lighter  and  darker 
shade.    In  the  lower  part  the  shales  alternate  with  beds  of  excel- 


*  At  lyn-y-Celyn,  dtuate  in  this  district  of  Ludlow  shale,  two  miles  north-' 
of  Bryn  Eglws,  the  author  found  OrthoeeroM  fiUmtm  (Sil.  Syst.  pi.  9.  fig- 3). 
The  Ludlow  rocks  dip  very  irregularly,  and  they  are  unconformable  to  the  Wen- 
lock series  throughout  the  whole  of  this  district  west  of  the  Nant  Morwynion 
&ult. 
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lent  flagstone,  the  Denbighshire  flagstone  of  Professor  Sedgwick. 
These  flagstones  are  largely  quarried,  and  are  worked  along  the 
planes  of  bedding.  They  are  entirely  free  from  cleavage ;  whereas 
a  true  slaty  cleavage  frequently  aflects  the  shale  that  alternates  with 
the  flagstone. 

3.  Thick  beds  of  liver-coloured  indurated  shale,  distinguishable 
only  by  their  position  from  the  similar  shales  (No.  2)  of  the  Lud- 
low series. 

4.  Grey  slate,  the  lowest  bed  of  the  Wenlock  series  according  to 
Mr.  Bowman.  This  slate  is  very  largely  quarried  in  the  Glyn  and 
Oemant  quarries,  north  of  Llangollen,  at  the  southern  footof  Cym- 
y-brain.  It  is  worked  along  the  planes  of  cleavage ;  but  these  being 
strongly  marked  by  transverse  lines  of  bedding,  the  slates  are  liable 
to  split  across.  The  dip  of  the  beds  at  these  quarries  is  south,  from 
45°  to  80°;  the  dip  of  the  cleavage  is  north,  4s5°. 

5.  Hard,  gritty,  blue  shales,  with  lighter  streaks,  several  hundred 
feet  thick.  This  is,  according  to  the  author,  the  lowest  bed  of  the 
Wenlock  series  in  this  district.  Mr.  Bowman  made  the  aggregate 
thickness  of  the  four  beds  which  he  describes,  3100  feet;  and  if  to 
these  this  fifth  bed  be  added,  the  aggregate  thickness  of  the  series 
will  be  about  3500  feet. 

To  the  fossils  previously  noticed  as  belonging  to  this  series  by 
Mr.  Bowman  and  Professor  Sedgwick,  the  author  adds  three  new 
species  of  Creseis,  viz.  Creseis  ventricoscty  C.  obtusa^  C.  ffracillima, 
a  description  of  which  is  given  in  the  appendix  to  this  abstract. 

The  different  species  of  Creseis  are  the  most  abundant  fossils  in 
the  Wenlock  series  of  North  Wales.  Frequently  they  quite  cover 
the  bedding  planes  of  the  large  flagstones ;  and  they  occur  also  in 
beds  of  other  texture  and  composition  in  the  middle  and  lower  parts 
of  the  series.  Hence  they  are  of  great  assistance  in  distinguishing 
the  beds  of  the  Wenlock  period. 

The  Wenlock  beds  cover  a  considerable  area  round  Llangollen : 
OD  the  east  they  are  bounded  by  Ludlow  shales  and  mountain  lime- 
stone. On  the  north,  their  boundary  runs  from  Pant-glas,  at  the 
foot  of  the  mountain  limestone  of  Cefn-y-fedw,  across  Moel-y-faen 
to  Bryn-Eglys.  Along  this  line  they  rest  conformably  on  the  dark 
roofing-slate  which  is  the  uppermost  of  the  Lower  Silurian  beds. 
Such  a  conformity  between  the  Upper  and  Lower  Silurian  rocks  is 
rarely  observed  in  North  Wales. 

From  Bryn-Eglys  a  fault  runs  in  a  south-eastern  direction  down 
Nant  Morwynion  to  the  Dee  river,  about  three  miles  west  of  Cor- 
wen,  and  cuts  off*  the  Wenlock  beds*.  From  that  point  on  the  Dee 
another  fault  strikes  down  that  river,  and  for  three  miles  of  its 
course  this  second  fault  separates  the  Wenlock  flagstones  of  Bron- 
einion  on  the  left  bank  of  the  Dee  from  the  Lower  Silurian  beds  on 
the  right  bank,  at  the  northern  extremity  of  the  Berwyns.  At 
Garth-newydd,  about  six  miles  east  of  Corwen,  and  south  of  the 
Dee,  Wenlock  rocks  appear ;  aiid  from  this  point  their  southern 

*  The  same  £ralt  may  be  traced  for  many  miles  to  the  north-east  of  Bryn-Eglys. 
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boudafj  nam  tofh  fMt  tlmMfrfi  LiaDniiitlraili  glTn  Ccifiog  to 
tbe  mowrtain  limatooe  Borth  of  Sdattjn.  Aloii{^  tim  line  the 
Wenloek  beds  reit  nacoofoniabij  opoo  die  dark  roofiDg-^late  wkkli 
it  the  oppermoel  of  die  Lover  Silurian  beds*.  North  of  the  Dee 
the  Wenloek  bed*  dip  exactlT  sooth  from  40'  to  80^  and  the  clea- 
vage planet  ofoallj  dip  north'4o^.  Sooth  of  the  Dee  the  prerailing 
dip  of  these  beds  it  north-eatt  liroai  5^  to  l(f  ;  and  the  prevailing 
dip  of  the  deavage  it  north-eatt  50r.  There  are  also  several  other 
fiudtt^  the  principal  of  whidi  are  noticed  bj  Mr.  Bowman. 

EeeapUmlatUm  cfikt  Authors  Bala  Seetum, 

Since  the  aothor,  in  the  sequel  of  hi^  paper,  makes  frequent  re- 
iennce  to  the  tuccestion  of  Lower  Silurian  and  Cambrian  rocks 
near  Bala,  of  which  he  has  given  an  account  in  vol.  iv.  p.  10  of  the 
Ph)ceedings  of  die  Society,  it  may  be  as  well,  for  the  clear  nnder- 
•landing  c^  the  present  abstract,  to  recapitulate  the  members  of  his 
Bala  section  in  descending  order.  Of  thcK  he  now  ranks  the  first 
seven  amongst  the  Lower  Silurian  beds,  and  the  eighth  and  ninth 
amongst  the  Cambrian. 

1.  Good  dMtk  blue  roo6ii§-«Ute  and  fligs,  ending  downwards  in  soft  worthlen 
argiDaeeoos  slate. 

2.  Dark  bhie  fowlifenMis  limestone,  with  calcareous  slates  and  soft  bfrown  sbalei 
^-Cbe  Upper  Rala  limestone  of  Mr.  Sharpe,  and  the  Himant  limestone  of  Pro- 
icHor  Sedgwick* 

3.  Light  grej,  rather  argiOaceoos  schist  and  indurated  shale,  with  few  fossils. 

4.  Dark  blue  limestone,  with  calcareoos  shales  and  grits  full  of  organic  remains 
—the  BaU  limestone  of  Professor  Sedgwick. 

5.  Very  hard,  grej,  slaty  grits,  streaked  occasionally  or  passing  into  brown — 
fasiliieroos.    The  "  Bala  grito  "  of  the  author. 

6.  Grey  impure  limestone — fossiliferous.  The  Rhiwlas  limestone  of  the  aothor 
and  Professor  Sedgwick. 

7.  Slaty  grits  of  Rhiwlas — ^fossiliferous. 

8.  Grey  rotten  clay-slate,  weathering  brown. 

9.  Dark  blue  sUUe  iff  poor  quality. 

Mr.  Sharpe  now  considers  that  he  underrated  the  thickness  of  these 
beds  in  the  paper  referred  to :  in  other  respects  he  adheres  to  the 
views  there  given. 

Lower  Silurian  Formation, 

Lower  Silurian  Rocks  north  <^the  Dee. — The  dark  grey  slate  of 
Moel-y-faen,  north  of  Llangollen,  is  the  uppermost  bed  of  the  Lower 
Silurian  formation :  it  is  of  good  quality  and  is  largely  quarried. 
The  beds  dip  S.W.  by  S.  70'';  and  the  cleavage  dips  N.E.  by  N. 
50°.  It  is  continued  through  Bwlch-uchaf,  on  the  southern  flank 
of  Cyrn-y-brain,  when  it  strikes  east.      This  slate  is  considered 

*  The  main  chain  of  lofty  hills  which  separates  the  vale  of  Clwyd  from  that  of 
the  Alyn  consists  of  Wenloek  rocks,  which  are  bounded  on  each  side  by  a  range 
of  mountain  limestone.  At  Moel  Acre,  near  the  south  end  of  the  chain,  Creseis 
occurs  in  a  hard  liver-coloured  slaty  rock.  East  of  Ruthin  is  a  blue  flagstone, 
alternating  with  shale,  belonging  to  the  middle  of  the  Wenloek  series.  This 
chain  in  Mr.  Greenough's  map  is  coloured  as  belonging  to  the  Ludlow  series. 
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identical  with  the  darl^  roofing-slate  worked  near  Llansaintfraid  glyo 
Ceiriog. 

The  high  ridge  of  Cyrn-y-brain  consists  entirely  of  Lo^er  Silurian 
rocks.  These  are  bounded  on  the  north,  nearly  along  the  line  of  th« 
road  to  Wrexham,  by  the  mountain  limestone  of  Llandegla  and  the 
milbtone  grit  of  Moel  Grugog.  To  the  west  the  beds  of  Cyrn-y- 
brain  are  cut  off  by  the  continuation  of  the  Nant  Morwynion  fault. 

Lower  Silurian  Rocks  sofUh  of  the  Dee. — The  dark  grey  roofing- 
slate,  the  uppermost  of  the  Lower  Silurian  beds,  b  worked  in  the 
vale  of  the  Ceiriog,  at  the  east  end  of  Cefn  Canol,  west  of  Llansaint- 
fraid. The  same  bed  is  worked  on  the  right  bank  of  the  Ceiriog, 
at  the  northern  foot  of  Fron  Frys. 

At  Cefn  Canol  and  at  Fron  Frys  the  planes  of  bedding  and  clea- 
yage  meet  at  the  same  angle,  viz.  15°;  but  if  the  position  of  the 
two  planes  at  Fron  Frys  be  compared  with  their  position  at  Cefn 
Canol,  it  will  be  found  that  each  of  them  has  been  shifted  22^°  in 
azimuth  and  20°  in  inclination  to  the  horizon ;  and  this  disturbance 
must  have  taken  place  since  the  planes  of  cleavage  were  formed. 


Strike. 

Difference 
in  Strike. 

Inclination  to  Horixon. 

Difference 
in  IncU- 
nation. 

Fron  Frys. 

Cefn  Canol 

Fron  Fry*.    Icefh  Canol. 

Cleavage 

E.22i°S. 
E.22i°S. 

E. 
E. 

22^** 
22i<» 

N.N.E.  45° 
N.N.E.  30° 

N.25° 

N.  10° 

+  20° 
+  20° 

Beddinff  

Angle  at  which  1 
the   planes  of  1 
bedding     and 
cleavage  meet. . 

15° 

15° 

This  bed  of  dark  roofing-slate  is  continued  to  the  north-west,  until 
it  is  cut  oflT  about  half-way  between  Llangollen  and  Corwen  by  the 
great  fault  of  the  Dee.  South  of  the  Ceiriog  and  below  the  dark 
roofing-slate  of  Fron  Frys,  is  a  series  about  SOO  feet  thick,  consisting 
of  rotten  schists,  full  of  organic  remains ;  and  including  two  beds  of 
limestone,  which  have  been  described  by  Mr.  Bowman  and  Professor 
Sedgwick.     They  dip  N.E.  25°. 

The  lower  bed  of  limestone  is  not  very  continuous,  but  thins  off 
into  numerous  alternations  of  thin  semi-calcareous  bands.  The  fossils 
of  these  beds  are  much  injured  by  cleavage.  In  the  escarpment 
west  of  Fron  Frys  the  author  found  the  following  species,  besides 
others  mentioned  by  Professor  Sedgwick : — 

Orthis  costata.  Turbinolopsis  elongata. 

basalis.  pluriradialis. 

o.  8.  Favosites  fibrosa. 

Atrypa  globosa.  Retepora,  2  species. 

To  the  south  occurs  a  great  outburst  of  felspathic  rocks,  which 
Mr.  Bowman  has  described;  and  on  this  line  of  section  the  Bala  grits 
appear  to  be  wanting.  On  following  the  line  of  the  strike  of  the  Fron 
Frys  beds  to  Corwen,  where  there  is  no  outburst  of  igneous  rocks,  one 
meets  to  the  south  of  that  town  with  a  full  development  of  the  lower 
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part  of  the  Bala  series.    Corwen  stands  on  the  upper  part  of  the 
hard,  dark  grey  Bala  grits,  which  in  this  instance  are  very  slaty. 

Proceeding  from  Corwen  southwards,  the  following  is  the  position 
of  the  beds  in  descending  order. 


Dip  of  Bedding. 

D^)  of  Clearage. 

Immediately  south  of  Corwen 

By  the  road  to  Bala 

Near  Corwen 

N.25° 

N.E.  by  N.  IS** 

N.  10° 

N.6« 
N.30° 

N.63° 
N.65° 

Softer  beds  as  you  approach  Llan- 
driUo  

Slate  of  Nant  Cwm  Dvwvll  

The  low  dip  from  near  Corwen  to  Llandrillo  accounts  for  the  ex- 
tent of  surface  over  which  the  grits  are  spread.  The  lower  beds, 
which  commence  about  three  miles  south  of  Corwen,  become  more 
soft  and  argillaceous.  They  extend  to  about  two  miles  south  of 
Llandrillo,  that  is,  about  six  miles  south  of  Corwen.  There  they 
rest  unconformably  on  a  poor  roofing-slate,  which  the  author  regards 
as  the  top  of  the  Cambrian  system.  The  slate  is  quarried  in  Nant 
cwm  Dywyll,  2\  miles  S.S.E.  of  Llandrillo,  and  at  the  head  of  Blaen 
Iwrch,  just  below  and  east  of  Craig  Berwyn. 

On  comparing  the  Lower  Silurian  rocks  south  of  the  Dee,  near 
Llansaintfraid  glyn  Ceiriog,  with  those  of  the  Bala  district,  the  author 
finds  the  following  points  of  agreement  between  them.  Taking  them 
in  descending  order,  he  finds  in  both  series, — 

1.  A  dark  grey  roofing-slate. 

2.  A  series  of  rotten  schisU  containing  two  beds  of  dark  limestone,  and  full  of 
•  Lower  Silurian  fossils. 

3.  Grey  slaty  grits,  containing  occasionally  Lower  Silurian  fossils. 

With  this  agreement  in  the  mineral  character,  in  the  order  of  su- 
perposition, and  in  the  organic  contents  of  the  two  series  of  beds, 
lie  holds  it  scarcely  possible  to  doubt  of  their  identity  ;  and  espe- 
cially he  regards  as  fully  established  the  identity  of  the  two  lime- 
stones of  the  Ceiriog  and  of  Bala. 

SBCTioit  1.  From  Llanblidan  to  Pibtill  RnAiADB 
(distuiee  IS  milea— «cAle  6  milM  =  1  inch). 


t.  Carboniferoua  UmnloBe. 

6.  LttdbowMrin. 

4.  Wenloek  aeries. 

fl.  Lowtr  Sihuiaa  tduats. 


1 .  Cambrian  aehiata. 

S.  Slate. 

tr.  Gmnstone. 
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Cambrian  Rocks  of  the  Berwyns, 

The  Cambrian  rocks  form  an  irregular  saddle  in  the  middle  of 
the  Berwyns,  about  fifteen  miles  long  from  east  to  west,  and  three 
miles  wide  from  north  to  south.  The  upper  bed  is  the  slate  already 
mentioned  of  Nant  cwm  Dywyll  and  Blaen  Iwreh ;  and  a  similar  bed 
is  found  to  the  south  of  the  axis,  in  the  valley  of  the  Ilhaiadr,  just 
below  Pistill  Rhaiadr.  It  is  there  vertical,  and  strikes  east ;  and  the 
cleavage  dips  north-east  5®.    It  is  overlaid  by  Lower  Silurian  rocks. 

Below  the  slate  is  a  series  of  rotten  schists,  of  no  very  definite 
character.  These  run  to  a  great  height  on  both  flanks  of  Cader 
Berwyn.  The  summit  of  Cader  Berwyn  is  a  mass  of  greenstone, 
having  somewhat  of  columnar  cleavage.  At  the  head  of  the  Rhaiadr 
the  schists  are  altered  and  disturbed  by  quartzose  rocks,  which  burst 
out  on  tlie  north  side  of  the  valley. 

The  author  is  not  aware  of  the  existence,  in  these  Cambrian 
schists,  of  any  organic  remains.  The  position  of  the  beds  is  shown 
in  Section  1. 

AnHcUnal  of  Lower  Silurian  and  Cambrian  rocks  south  of  the 
Dee, — The  Lower  Silurian  and  Cambrian  rocks  south  of  the  Dee, 
considered  together,  are  regarded  by  the  author  as  forming  a  great 
anticlinal,  whose  axis  runs  due  east  through  Cader  Berwyn.  The 
beds  usually  strike  east  and  west ;  but  near  the  Ceiriog  there  is  a 
tendency  to  a  south-east  strike.  The  cleavage  usually  strikes  east, 
and  dips  north,  but  at  so  variable  an  angle  as  to  lead  to  the  inference 
that  the  beds  have  been  disturbed  since  the  cleavage  took  place. 

The  igneous  rocks  which  break  through  are  mostly  febpathic; 
but  some  peaks  consist  of  greenstone. 

On  the  north  the  district  is  bounded  by  the  Wenlock  rocks,  along 
a  line  the  course  of  which  has  been  already  defined.  On  the  east 
it  is  bounded  by  mountain  limestone  and  millstone  grit;  on  the 
west  it  is  cut  off  by  a  great  fault  which  runs  along  the  valley  of  the 
Dee  from  Corwen  to  Llanderfel,  four  miles  from  Bala,  and  which 
may  be  traced  beyond  Llanderfel  southwards,  across  the  moors 
and  up  the  valley  of  the  Calettwr.  The  southern  boundary  of 
this  district  has  not  been  examined  by  the  author. 

Lower  Silurian  Rocks  on  the  Holyhead  roady  from  near  the  Druid 
Inn  west  of  Corwen  to  tJie  Conway  river* 

West  of  the  Druid  Inn  on  the  Holyhead  road,  from  the  point 
where  the  Ludlow  rocks  already  described  terminate,  to  the  bridge 
of  Maes  mawr  fechan,  b  a  narrow  anticlinal  ridge  of  hard  grey 
Bala  grits.  On  the  east  side  of  this  ridge  the  beds  dip  E.8.E.  40  , 
on  the  west  side  W.N.W.  50°.  The  cleavage  dip  on  the  east  side 
of  the  ridge  b  N.  25°. 

At  the  gorge  of  Glyn  Diffwys  is  a  series  of  rotten  schists,  full  of 
Lower  Silurian  fossils;  and  between  the  schists  is  a  bed  of  dark 
limestone,  which  the  author  considers  identical  with  that  of  Bala : 
its  position  is  marked  on  Mr.  Greenough  s  map.  Higher  in  the  se- 
ries he  found  some  calcareous  bands  which,  he  thinks,  may  represent 
the  Upper  Bala  or  Hirnant  limestone.    The  beds  dip  in  one  place 
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S.S.W.  60°,  and  in  another  S.S.E.  60^  A  greenstone  dyke,  run- 
ning north  and  south,  cuts  the  beds  without  disturbing  them. 

Besides  some  of  the  fossib  of  Glyn  Diffwys  contained  in  the  list 
given  by  Professor  Sedgwick,  the  author  found  Orthis  radians  {Sih 
Syst.  pi.  22.  fig.  1 )  and  Favosites ^fibrosa. 

The  rotten  schists  of  Glyn  DifPwys  rest  upon  hard  blue  slaty  Bala 
grits,  which  contain  sonic  Lower  Silurian  fossils.  These  are  con- 
tinuous westward  from  near  the  sixty-first  milestone  for  nearly 
twelve  miles,  across  the  dreary  moors  of  Cernioge  and  Pentre  Voelas. 

In  the  eastern  portion  of  the  di:itrict  the  beds  undulate,  as  will 
appear  from  the  following  table. 


DisUnce  from 

Dip  of  the 
Bala  Grits. 

Holyhead. 

m 

60 

E.N.E.  20 

581 

N.W.  15 

57i 

8.B.30 

56i 

N.W.  20 

In  consequence  of  these  undulations  they  are  several  times  re- 
peated. Their  prevailing  strike  is  north-east.  They  do  not  extend 
far  to  the  north  of  the  road,  but  are  covered  up,  along  a  line  pass- 
ing nearly  east  and  west,  by  unconformable  Wenlock  rocks.  The 
grits  found  to  the  east  of  Cerig-y-druidion  split  readily  along  the 
bedding,  and  are  fossiliferous.  The  most  abundant  of  the  fossils 
are  two  unnamed  species  of  Orthis^  which  occur  also  in  the  Bala 
limestone. 

Near  Yspytty  Evan*,  a  village  on  the  river  Conway,  the  Bala  and 
Hirnant  limestones  may  both  be  seen,  with  their  attendant  upper 
slate  and  schists.  These  beds  lie  in  a  sort  of  trough.  About  a 
mile  and  three-quarters  south  of  the  village,  on  the  left  bank  of  the 
Conway  river,  the  Bala  grits  are  seen,  containing  an  abundance  of 
LepUena  sericea.  Here  they  dip  N.N.W.  20°.  To  the  north  of 
thb  point  about  a  quarter  of  a  mile,  the  Bala  limestone  appears  in 
a  position  parallel  to  that  of  the  grits.  Further  north,  about  a 
quarter  of  a  mile  south  of  the  village,  the  Hirnant  limestone,  ac- 
companied with  fossiliferous  schist,  crosses  the  road,  its  beds  dipping 
north  25^,  its  cleavage  north  60°.  North  of  the  village  the  fossilife- 
rous schist  and  upper  slate  abut  unconformably  against  the  Bala(r) 
grits. 

Carnarvonshire, 

Every  traveller  on  the  road  to  Holyhead,  after  leaving  the  forty- 
serenth  milestone,  must  be  struck  with  the  sudden  change  of 
scenery.  From  the  dreary  moors  of  Cernioge  and  Pentre  Voelas 
he  passes  at  once  to  the  picturesque  beauty  of  Bettws-y-Coed, 
while  before  him  are  ranged  nigged  hills  of  slate  alternating  with 
homstone  and  greenstone.  This  change  takes  place  at  a  vast 
dike  of  greenstone,  which  forms  a  high  crag  on  each  side  of  the 
road.     Its  course  is  from  S.S.W.  to  N.N.E.     In  the  latter  direction 

*  In  Mr.  Greenough's  map  the  occturrence  of  limestone  is  marked  at  Ytpjrtty 
Brtn,  And  also  at  Penmachno,  a  place  which  the  author  did  not  visit. 
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H  passes  through  Biyn-y-ddinas,  and,  at  the  distance  of  a  mile  and  a 
half,  is  lost  beneath  the  Wenlock  beds  at  their  junction  with  the 
Lower  Silurian  rocks*.  To  the  S.S.W.  it  runs  along  the  high  hills 
on  the  western  side  of  the  Penmachno  valley,  crosses  that  valley 
at  Moel  Machyria,  and  may  be  traced  in  the  same  direction  about 
two  miles  further.  Throughout  the  whole  of  this  course,  in  length 
about  nine  milesf  it  forms  a  line  of  abrupt  separation  between  two 
systems  of  beds,  the  system  to  the  east  of  the  dike  striking  east, 
the  other  to  the  west  of  it  striking  north-east. 

On  the  exact  line  of  the  direction  of  the  dike,  to  the  further  di- 
stance of  several  miles,  the  beds  are  in  great  confusion.  The  road 
from  Ffestiniog  to  Bala  crosses  this  line  of  disturbance  at  Rhaiadr 
Cwm,  where,  at  the  bottom  of  the  deep  and  inaccessible  chasm 
formed  by  the  waterfall,  the  greenstone  may  perhaps  be  exposed. 
On  the  further  prolongation  of  the  same  line  the  greenstone  re-ap- 
pears north  of  Traws  fynydd,  and  there  covers  a  considerable  area. 
In  this,  as  in  the  former  part  of  its  course,  the  igneous  rock  forms 
the  boundary  between  two  systems  of  beds  differing  in  strike. 

The  greenstone  then  bends  to  the  south-west,  but  its  course  in 
that  direction  cannot  be  distinctly  traced  through  the  intricate 
number  of  greenstone  rocks  belonging  to  the  chain  which  extends 
from  Barmouth  northwards.  To  the  west  of  this  chain  the  dike  is 
not  recovered,  but  a  fault  appears,  running  south-west ;  and  this 
fault  separates  the  prolongation  of  the  Ffestiniog  slates  hereafter 
noticed  from  the  grey  slaty  flagstones  of  Harlech.  The  author  en- 
deavoured to  connect  the  bedded  rocks  of  Carnarvonshire  with  those 
of  Merionethshire,  by  tracing  a  section  across  the  line  of  disturbed 
beds  near  Rhaiadr  Cwm,  where  the  Bryn-y-ddinas  dike  does  not 
reach  the  surface.  But  he  was  foiled  in  this  endeavour  by  a  great 
eruptive  mass  of  felspathic  rock,  which,  a  little  further  to  the  east, 
entirely  cuts  off*  the  beds. 

As  it  appears  therefore  that  Carnarvonshire  is  completely  severed 
from  the  rest  of  Wales,  it  was  from  the  evidence  afforded  by  the 
Carnarvonshire  rocks  themselves,  in  respect  of  their  position,  order 
of  succession,  organic  remains  and  internal  character,  that  the  author 
sought  to  determine  their  age. 

To  obtain  in  the  first  instance  a  general  section  of  the  position  of 
the  beds  in  Carnarvonshire,  he  ascertained  their  dip  along  two  prin- 
cipal lines  of  section ;  the  first  line  extending  from  Bryn-y-ddinas 
along  the  course  of  the  Holyhead  road  to  the  Menai ;  the  second 
line  passing  through  Rhaiadr  Cwm,  Snowdon  and  Llanberris,  to 
the  Menai. 

Holyhead  Road  Section  (Section  2). — On  approaching  the  dike  of 
Bryn-y-ddinas  from  the  south-east,  the  beds  of  Bala  grit  are  affected 
by  it  to  the  distance  of  nearly  a  mile.  The  dip  varies  from  N.N.E. 
15°  to  N.N.W.  25°,  and  the  cleavage  dips  N.W.  50°.  On  the  western 
side  of  the  dike,  the  beds  for  3i  miles  dip,  at  moderate  angles  rarely 
exceeding  35°,  to  the  N.W.  or  N.N.W. :  to  the  north  of  the  Holy- 

♦  The  author  names  it  the  Bryn-y  ddinas  dike. 
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head  road  the  dip  is  W.N.W.  Then  for  about  three  miles  the  dip 
nodergoes  frequent  changes,  owing  apparently  to  the  proximity  of 
two  dikes  of  greenstone :  then  for  the  distance  of  more  than  three 


Sbction  S.  Oltoss  Paws  to  BsTM-T-ODiitAt. 


E. 


Hie  whtde  tenet  combta  of  Lower  SUuiiao  rocka. 

S.  Upper  drriaioii. 

fl.  Lower  dhriaioa. 

IT.  Oieenstone. 
Thk  aeetkn  ie  the  eootiDttitMii  CMtward  of  tke  eectioB  No.  4. 

miles  the  beds  dip  with  great  regularity  to  the  N.E.,  until  you  arrive 
at  a  mass  of  greenstone  in  the  centre  of  Glyder-fawr.  This  green- 
ilODe  is  seen  on  the  Holyhead  road  in  the  ridge  which  separates  Cwm 
Trrfan  from  Nant-y-gogo.  Beyond  the  greenstone  the  dip  is  W., 
N.W.,  or  N.N.W.,  for  four  miles :  beyond  the  thirty-second  mile- 
stone there  are  metamorphic  rocks  and  great  eruptions  of  green- 
stone, and  the  slates  are  thrown  into  great  confusion. 

Overlooking  therefore  minor  local  irregularities,  there  is  a  syn* 
dioal  axis  near  the  forty-first  milestone,  at  the  distance  of  about  5^ 
miles  from  the  dike,  and  an  anticlinal  axis  in  the  centre  of  Glyder- 
fitwr ;  and,  consequently,  the  oldest  beds  in  this  section  will  be  found 
on  the  north-west  flank  of  the  Biyn-y-ddinas  dike,  and  also  on  the 
sides  of  the  central  axis  of  Glyder-fawr ;  and  the  newest  beds  will  be 
found  near  the  synclinal  axis,  and  again  on  the  north-west  flank  of 
Glyder-fowr. 


SBCTtOM  S.  The 


of  Skowoom  by  Rmaios-cwm  to  Asbmig. 


a.  Lower  SilurUn  aeries.    Upper  divinon. 
t*  Do.  Lower  dhriuon. 

1.  Cambrian  aeriee. 
a.  Sbite. 

T.  Porphyry  and  Greenstone. 
The  aectton  ia  a  continuation  eastwards  of  that  marked  (:>;. 
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Rhaidr-cwm Section  (Section  3). — From  Rhaiadr-cwm  to  Cynicfati 
a  distance  of  about  seven  miles,  the  beds  dip  at  considerable  angles 
and  with  great  regularity  to  the  N.W.  or  N.N.W.  On  the  west  of  Cy- 
nicht,  for  a  short  space,  they  are  nearly  vertical ;  and  thence  to  the 
east  flank  of  Snowdon  inclusive,  a  distance  of  about  four  miles,  they 
dip  south-east.  The  centre  of  Snowdon  is  much  disturbed  by  green- 
stone dikes  and  faults,  but  its  western  flank  is  formed  of  schists  and 
slate  dipping  north-west :  further  westward  the  section  is  cut  off  by 
great  masses  of  igneous  rock. 

There  is  consequently  a  synclinal  axis  on  tbe  west  of  Cynicht; 
and  an  anticlinal  axis  in  the  centre  of  Snowdon,  though  on  the 
western  side  of  the  anticlinal  the  beds  are  very  irregularly  disposed. 
In  this  section  therefore  the  oldest  beds  will  be  found  at  Rhaiadr 
Cwm  on  the  one  side,  and  in  the  centre  of  Snowdon  on  the  other ; 
and  the  newest  beds  will  be  found  at  the  synclinal  axis  west  of  Cynicht* 
and  again  on  the  north-west  flank  of  Snowdon  at  some  distance 
from  its  centre. 

The  two  sections  thus  examined  in  detail  give  similar  results,  and 
establish  two  principal  features  in  the  geology  of  Carnarvonshire ; 
viz*  a  great  anticlinal  axis  of  elevation  along  the  centre  of  the  Snow- 
don chain,  and  a  great  synclinal  axis  running  parallel  to  that  chaia 
at  a  distance  of  about  five  miles  east  of  the  anticlinal  axis. 

Course  of  the  great  Synclinal  Axis. — The  great  synclinal  axis  of 
the  trough  which  lies  between  the  Bryn-y-ddinas  dike  on  the  one 
side  and  the  Snowdon  chain  on  the  other,  may  be  traced  from  Tre- 
friw  on  the  Conway,  in  a  S.S.W.  direction,  to  the  forty-first  mile- 
stone on  the  Holyhead  road  ;  and  thence,  in  a  south-west  directioD» 
to  the  Traeth  mawr,  two  miles  below  Aberglaslyn  bridge.  The 
course  of  the  axis  is  generally  marked  by  a  band  of  dbturbed  beds 
of  unequal  width,  through  which  greenstones  have  forced  their  way 
to  the  surface,  either  in  one  great  mass  or  in  several  minor  dikes  or 
ridges.  To  these  belong  a  dike  which  runs  across  the  east  side  of 
Moel  Siabod,  Craig-y-llyn-llagi  and  Yr  Arddu,  one  of  the  most  rug- 
ged of  the  Welsh  hills. 

Age  of  the  Beds  near  the  Synclinal  Axis. — The  author  has  found 
but  few  fossils  in  the  beds  near  the  axis  of  the  trough.  To  the 
east  of  the  axis  in  the  northern  portion  of  the  trough,  and  to  the 
west  of  the  axis  in  the  southern  portion  of  the  trough,  he  found 
the  fossils  hereunder  specified  at  the  localities  respectively  annexed 
to  their  names.  All  the  known  species  in  these  lists  are  Lower 
Silurian  species ;  and  the  absence  of  any  that  are  peculiar  to  the 
Llandeilo  flags  renders  it  probable  that  the  beds  near  the  axis 
belong  to  the  Caradoc,  or  upper  portion  of  the  Lower  Silurian 
system, — a  conclusion  which  harmonizes  with  the  position  of  the 
beds  at  the  top  of  the  series  of  rocks  of  the  east  of  Carnarvonshire* 
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Middle  and  eastern  side  of  the  Carnarvonshire  trough. — The  beds 
in  the  middle  and  on  the  eastern  side  of  the  Carnarvonshire  trough, 
extending  from  the  synclinal  axis  to  the  Bryn-y-ddinas  fault,  consist 
of  slate  and  schists,  alternating  occasionally  with  homstone.  The 
author  has  heard  of  only  two  places  where  limestone  has  been  found ; 
the  first  to  the  west  of  Gwydir  Park,  on  the  west  side  of  Nant 
Gwydir ;  the  other  half  a  mile  to  the  west  of  Trefriew. 

The  whole  district  is  intersected  by  numerous  dikes  or  beds  of 
greenstone,  which  strike  with  the  beds,  and  are  apparently  interstra- 
tified  with  them.  They  are  found  however,  when  minutely  ex* 
amined,  to  thin  out  irregularly,  and  occasionally  to  cut  through  the 
beds :  they  usually  make  but  little  disturbance  in  the  strata ;  but 
the  greenstones  on  the  lines  of  the  synclinal  axis  and  of  the  Bryn-y- 
ddinas  fault  are  exceptions  to  this  rule.  The  mineral  character  of 
the  beds  however  is  much  altered  by  these  igneous  rocks :  thas 
the  homstone  is  converted,  in  many  instances,  into  semi-crystalline 
quartz-rock ;  and  probably  the  quality  of  the  slates  depends  very 
much  on  the  distance  or  proximity  of  the  greenstones. 

The  slate  quarries  in  this  district  are  very  numerous,  and  are  only 
second  in  importance  to  those  on  the  western  flank  of  the  Snowdon 
chain  ;  but  on  the  eastern  side  of  that  chain  scarcely  any  two  quar- 
ries are  worked  on  the  same  bed,  and  few  beds  are  worked  to  any 
great  distance :  for  many  a  bed,  which  in  one  part  of  its  course  fur- 
nishes excellent  slate,  in  another  part,  not  remote  from  the  former, 
is  found  to  be  so  altered  in  quality  as  not  to  be  worth  working ;  still, 
regarded  geologically,  and  without  reference  to  their  economical 
iralue,  the  beds  of  slate  are  found  to  be  persistent. 

Since  the  direction  of  the  synclinal  axis,  for  the  greater  part  of 
its  course,  is  north-east  and  south-west,  and  that  of  the  Bryn-ynddinas 
fault  N.N.E.  and  S.S.W.,  the  breadth  of  the  space  included  between 
the  axis  and  the  fault  increiises  considerably  as  you  proceed  south- 
wards. The  prevailing  strike  of  the  beds  is  parallel  to  the  synclinal 
axis,  and  consequently,  on  the  eastern  side  of  the  trough,  the  Rhaiadr- 
cwm  section  presents  a  much  longer  series  of  beds  than  the  section 
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along  the  Holyhead  road.  The  synclinal  axis  near  its  southern  end 
is  formed  of  a  high  ridge  of  greenstone,  flanked  on  both  sides  by 
nearly  vertical  beds  of  metaraorphic  quartz-rock,  and  these  form  the 
rugged  hill  of  Yr  Arddu.  West  of  this  is  metamorphic  schist  of  little 
thickness ;  and  below  the  schist  lies  a  very  hard  grey  chert  or  horn- 
stone,  faintly  aflected  by  cleavage,  dipping  to  the  south-east  at  an 
angle  of  60  .  This  is  the  bed  of  chert  already  noticed  as  containing 
fossils  which  belong  to  the  upper  part  of  the  Lower  Silurian  system. 
The  Rhaiadr-cwm  section  No.  3  passes  to  the  north  of  Yr  Arddu ; 
JEtnd  on  this  line  the  greenstone  is  divided  into  two  ridges,  which  arc 
separated  by  vertical  beds  of  schist.  The  western  of  these  green- 
stone ridges  forms  the  very  remarkable  crag,  Craig-llyn-llagi.  From 
this  point  in  the  synclinal  axis  to  Rhaidr-cwm,  which  lies  to  the 
south-east,  the  beds  which  here  constitute  the  eastern  side  of  the 
Carnarvonshire  trough  are  traced  by  the  author  in  the  following 
descending  order : — 

28  Greenstone  of  Craig-llyn-llagi.    Dip  of  beds  N.W.    Dip  of  cleavage 

65"  N.W. 
27  Schist. 

26  Greenstone,  forming  a  narrow  ridge. 
25  Slate  which  runs  up  to  Cynicht.    This  perhaps  belongs  to  the  same 

bed  as  the  slate  at  Llanrhwchwyn,  behind  Gwydir  Park. 
24  Semi-crystalline  slaty  grit. 
23  Greenstone. 

22  Hard,  blue,  slaty  flagstone. 
21  Dark  grey  slate. 
20  Ck>ar9e  schist. 

19  Greenstone,  forming  a  narrow  ridge.    Strike  of  beds  N.E.  by  E. 
18  Dark  slate,  of  fair  quality,  near  Bryn-gelinnen.    It  seems  identical  with 
one  of  the  beds  worked  in  the  great  quarries  of  Dolwyddelan.    Dip 
45**  north-west,  of  cleavage  65°  W.N. W.— Below  this  point  the  slates 
become  lighter  in  colour,  and  the  beds  in  general  become  harder  than 
they  are  above. 
'17  Slaty  flagstone.    Dip  of  beds  65**  N.W.    Dip  of  cleavage  85*  N.W. 
16  Hard  slaty  flagstone.    Dip  of  beds  25**  N.W.   Dip  of  clca?age  45°  N.W. 
15  Blue  slaty  rock. 

14  Semi-crystalline  chert  or  homstone. 

13  Blue  slate  of  Moel  Wynn.    The  same  bed  is  worked  in  the  great  quar- 
ries of  Rhiw  Brefder,  of  which  see  the  description,  p.  296. 
12  Hard  schist.    Dip  20°  N.W. 
_  ^     11  Greenstone  interstratified  with  the  schists.  To  the  south  it  becomes  half 
^  ^  <{  a  mile  wide;  at  the  foot  of  Moel  Wynn  it  thins  oflT;  at  Rhiw  Brefder 

"^  it  is  very  narrow. 

10  Hard  schist.    Dip  45°  to  50°  N.W. 
9  Thick  series  of  slaty  beds  alternating  with  chert  or  homstone,  seen  in 

the  hill  above  Tan-y-Bwlch.    Dip  20°  N.N.W. 
8  Semi-crystalline  quartz-rock,  behind  Maentwrog. 
7  Coarse  schist.    Dip  30°  N.W. 
6  Slate  of  inferior  quality,  between  Ffestiniog  and  Pant-llwyd.    This  is 

the  lowest  bed  of  slate  work^  in  this  line  of  section. 
5  Coarse  schist. 
4  Greenstone,  interstratified,  forming  a  ridge  of  low  crags.    Strike  of  beds 

N.E. 
3  Hard  blue  schist.    Dip  15°  N.E. 

2  Schist,  which  continues  to  Rhaidr-cwm.     Dip  40°  north-west. 
1  Schist,  intersected  by  quartz  veins,  at  Rhaidr-cwm.    The  beds  and 
cleavage  planes  are  shattered  and  in  great  confusion.    Dip  20°  N., 
30°  N.,  and  40°  N.E. 
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In  the  foregoing  section  there  is  no  marked  change  of  character 
in  the  rocks  at  those  points  of  the  descending  series  where  the 
aathor  proposes  to  draw  a  line  of  separation  between  the  upper 
schists  and  the  lower  portion  of  the  Lower  Silurian  on  the  one 
hand,  or  between  the  LK>wer  Silurian  and  the  Cambrian  systems  on 
the  other* 

On  the  eastern  side  of  the  Carnarvonshire  trough,  and  near  the 
line  of  the  preceding  section,  are  the  great  slate-quarries  which  lie 
to  the  north-west  of  Ffestiniog.  As  these  quarries  afford  great 
facilities  for  a  minute  examination  of  the  beds,  the  author  made  a 
detailed  section  of  these  beds,  all  of  which  he  refers  to  the  lower 
division  of  the  Lower  Silurian  formation.  The  series  of  slate  beds 
of  which  the  description  follows  in  detail  are  included  in  the  pre- 
ceding general  account  of  the  strata  (see  p.  295),  in  the  beds  num- 
bered 13  to  7. 

Descending  order  of  Bed*  in  the  Slate  Quarries  N.W.  of  Ffestiniog.  Feet 
Jt'SSS      r25  Dark  blue  slate,  not  yet  worked. 

32  flC^         24  Bine  date,  too  hard  to  work 120 

*  - -^         23  Hard  grey  chert  or  hornstone    1 

22  Dark  blue  slate  of  ffood  quality 150 

b^-ti  21        21  Blue  slate,  too  hard  to  work 120 

I  1,1  Sj         20Honistonc    18 

-^      ■*         19  Poor  slate    3 

18  Homstone   6 

17  Dark  blue  slate,  of  the  best  quality  150 

Note.    All  the  above  beds  dip  30*"  N.W.,  the  dip  of 
the  cleavage  being  55°  N.W. 
16  A  whinstone  dyke,  which,  on  the  face  of  the  hill,  is  inter- 
stratified  with  the  beds  of  slate,  but,  in  the  quarry,  cou 
across  them. 

15  Schists 500 

14  Slate,  which  is  quarried 100 

13  Schists 600 

12  Alternations  of  homstone  and  slate,  in  beds  from  one  to  1  «^ 

five  feet  /  ^ 

11  Poor  slate    10 

10  Good  blue  slate  50 

9  Schists,  about 100 

8  Whinstone,  thinning  avray  towards  the  top  of  the  quarry. 

^t      r  7  Slate,  too  hard  to  vrork 50 

gS      <    6  Slate,  of  middling  quality  100 

»3(y      L  5  Good  slate  60 

4  Schist,  with  some  alternations  of  homstone ;  the  beds  1  ^^^ 

arecurved.    Dip  10°to  15*»  N.W /  ^^ 

3  Semi-crystalline  quartz-rock 100 

2  Greenstone,  interstratified. 

Dip  15**  N.W.^ 


"411 

Am  S  3 


{■ 


Light  grey  slate,  of  indifferent  quality. 
Dip  of  cleavage  35°  N.W 


150 


Total  thickness,  exdusive  of  igneoot  rocka 2910 

Note.  The  beds  14  to  2  inclusive  dip  25**  N.W.,  the  dip  of  the  deavage  beinff 
46*  N.W. 

In  the  Rhiw  Brefder  quarries  the  beds  are  merely  intersected  by  irregular 
▼eins  of  quartz.  In  the  DiifWs  quarries  the  rock  is  soft,  and  readily  splits  into 
iUte ;  and  the  colour  of  Che  slate  is  lighter  and  of  a  more  dedded  blue  than  in 
the  beds  above.  Below  the  beds  of  the  Manod  Mawr  quarry  there  are  some  beds 
of  slate,  of  inferior  quality,  and  of  no  economical  imnortance.  These  lowest  beds 
the  author  refers,  not  to  the  Lower  Silurian,  but  to  the  Cambrian  system. 
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District  between  the  eastern  side  rfthe  Carnarvonshire  Trough  and 
Arenig. — It  has  been  before  stated  that  the  author  endeavoured  to 
connect  the  beds  on  the  east  side  of  the  Carnarvonshire  trough  with 
those  in  Merionethshire,  by  prolonging  his  line  of  section  across  the 
pass  of  Rhaidr-cwra  in  a  south-eastern  direction ;  and  that  he  was 
foiled  in  this  endeavour.  The  following  are  the  rocks  that  he  met 
with  in  that  line  of  section. 

The  schist  that  is  the  lowest  rock  on  the  west  side  of  the  fault  of 
Rhaiadr-cwm,  is  found  also  to  the  east  of  the  pass,  dipping  first  east 
25%  then  north-east  30° ;  and  further,  east  it  forms  a  poor  slate, 
dipping  north  20%  and  resting  on  the  eruptive  mass  of  Moel-Uech- 
wydd-gwyn,  which  wholly  cuts  off  the  stratified  series.  This  igneous 
mass  consists  of  quartzose  febpar-rock  and  porphyry,  and  belongs 
in  point  of  date  to  the  porphyry  of  Cader  Idris.  Between  this  mass 
and  the  porphyritic  chain  of  Arenig,  schistose  rocks  occur  of  vari- 
able character ;  and  towards  the  south-east  these  rocks  are  found 
dipping  north-east  from  S0°  to  45°:  but  on  the  road  to  Bala  two 
lines  of  felspathic  rock,  proceeding  to  the  N.N.W.  from  Arenig-fawr, 
intervene  to  complicate  the  section.  Between  these  two  lines  is  a 
hard  blue  schist  dipping  north-east  30°.  At  Tai-hirim,  at  the  south- 
west foot  of  Arenig-bach,  is  a  quarry  of  poor  slate,  which  dips  north* 
east  30°*.  Areuig-bach  forms  the  northern  extremity  of  the  por* 
phyritic  chain  of  the  Arenigs,  which  is  fourteen  miles  long,  and 
reaches  southward  nearly  to  Cader  Idris.  On  the  line  of  section 
No.  3,  the  porphyritic  mass  of  this  chain  is  nearly  two  miles  wide. 
In  the  centre  it  consists  of  grey  and  black  porphyry ;  on  the  flanks 
the  porphyry  is  usually  flesh-coloured,  passing  into  an  amorphous 
quartzose  felspathic  rock.  The  beds  which  lie  to  the  west  of  Arenie 
were  described  by  the  author  in  a  former  paper  (see  Proc  Greoll 
Soc.  vol.  iv.  p.  10). 

Western  side  rf  the  Carnarvonshire  Trough, — The  position  of  the 
beds  which  lie  between  the  synclinal  axis  and  the  vdley  extending 
from  Capel  Cerrig  to  Beddgelert,  leads  to  the  inference  that  these 
beds  are  the  equivalents  of  the  rotten  schists  of  Merionethshire^ 
which  lie  above  the  Bala  grits.  The  beds  in  question  are  hard, 
grey,  slaty  grits,  alternating  with  slate,  grey  homstone  or  quartz- 
rock  ;  rocks  very  different  in  their  mineral  character  from  the  schists 
which  they  are  supposed  to  represent ;  but  this  difference  may  be 
attributed  to  the  numerous  dikes  and  interstratified  beds  of  green- 
stone by  which  this  Carnarvonshire  district  is  traversed;  whereas 
that  of  Merionethshire  is  quite  free  from  igneous  action.  The  ag- 
gregate thickness  of  these  beds  is  much  greater  than  that  of  the 
rotten  schists  of  Merionethshire. 

The  valley  which  reaches  from  Capel  Cerrig  to  Beddgelert  is  the 
line  of  a  considerable  fault  To  the  west  of  this  fault,  as  far  as  the 
eastern  sides  of  Glyder-fawr  and  Snowdon,  are  hard  grey  schists  and 
schistose  grits.     These  the  author  regards  as  the  equivalents  of  the 

*  The  bed  which  is  next  to  the  porphyritic  rock  is  so  often  found  to  be  a  true 
slate,  that  this  character,  when  it  occurs  under  soch  circumstances,  must  be  attri- 
buted to  metamorphtc  action. 
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slaty  grits  of  Bala.  These  are  the  oldest  beds  in  Glyder-fawr;  but 
the  centre  of  Snowdon  consists  of  older  rocks,  which  are  considered 
by  the  author  to  belong  partly  to  the  Cambrian  system. 

SscTiOK  4.  The  Mbkai  to  Y  Tbyf an,  the  axia  of  Gltdkk-fawb. 

(Scale  3  milei  =  l  inch.) 

W.W.  ^  3  .  8.E. 
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p.  New  red  sandstone. 
8.  Carboniferous  series. 
7.  Old  red  sandstone. 
0.  Ludlow  shale. 

S.  Lower  Silurian.    Upper  division, 
t.  Ditto.  Lower  divisioa. 

W.  Greenstone, 
fliis  section  is  the  continuation  westward  of  No.  S. 

Western  tide  of  the  Snowdon  Chain  (Section  4-). — On  the  line  of 
the  Holyhead  road  the  hard  slaty  grits  continue  from  the  central 
greenstone  axis  of  Glyder-fawr  about  three  miles.  At  Cwm  Perfedd 
they  are  overlaid  by  a  series  of  softer  beds,  consisting  of  schists  and 
•late,  with  occasional  alternations  of  homstone.  These  belong  to  the 
upper  division  of  the  Lower  Silurian  formation. 

Between  these  beds  and  the  Penhryn  slate  the  section  is  interrupted 
by  the  elevation  of  the  raetamorphic  rocks  of  Bronlhvyd,  which  con- 
sist of  semi-crystalline  grits,  becoming,  in  the  lower  beds,  more  and 
more  crystalline,  until  they  can  hardly  be  distinguished  from  green- 
stone. This  grit  alternates  with  thin  beds  of  schist,  and  the, whole 
mass  preserves  its  bedding  and  cleavage  unaltered.  It  dips  south- 
east 45^ ;  the  cleavage  dips  north-west  80^. 

These  rocks  are  overlaid  unconformably  by  the  purple  slate  of  the 
Peohryn  quarry.  These  slates  are  of  so  much  importance,  that  the 
author  describes  them  under  a  separate  head. 

Abctiom  5.    From  near  the  Mbnai  to  the  east  flank  of  Snowoon  through  Llanbbbbib  Pabb. 

(Scale  a  miles  =  1  inch.) 
N.W.  .  «  S.E. 
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3.  Lower  Sihnian.    Upper  division. 
S.  Ditto.  Lower  division. 

1.  Cambrian, 
s.  Slate. 
^.  Oretnstone. 
This  section  is  a  continuation  westward  of  No.  3. 
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On  the  continuation  of  the  line  of  section  passing  through  Snow- 
don,  the  author  regards  as  Cambrian  some  of  the  schists  which  are 
seen  in  the  pass  of  Llanberris,  and  among  these  he  ranks  the  bed 
which  is  quarried  for  slate  opposite  Llanberris  Church.  Owing  to 
the  extreme  complication  of  this  part  of  the  section  and  the  altered 
condition  of  many  of  the  beds  when  near  to  the  greenstone  dikes,  he 
draws  the  line  of  separation  between  the  Silurian  and  Cambrian  rocks 
with  great  doubt  of  its  correctness. 

A  little  to  the  west  of  the  church,  on  the  south  side  of  the  Llanber- 
ris Pass,  the  Cambrian  rocks  are  cut  off  by  a  great  fault,  which  is  re- 
markable for  severing  in  twain  an  arch  of  greenstone.  In  the  meta- 
morphic  schists  above  the  greenstone  a  copper-mine  is  worked. 
Westward  of  the  fault  are  metamorphic  slates  and  slaty  grits,  which 
probably  belong  to  the  Bala  grits.  These  are  followed  by  softer 
schists  and  slates,  which,  when  near  the  greenstone  dikes,  are  altered 
and  disturbed.  This  series,  as  was  the  case  on  the  Holyhead  road, 
is  overlaid  by  the  purple  slate.  Beyond  this  is  a  great  mass  of  igne- 
ous rocks,  which  are  covered  on  the  west  by  gravel. 

Purple  Slate  of  the  Western  side  of  the  Snowdon  Chain. — The 
purple  slate-bed  of  the  quarries  of  Penhryn,  Llanberris,  &c.  is,  in  an 
economical  point  of  view,  the  most  important  bed  in  North  Wales, 
supplying,  as  it  does,  more  than  half  of  all  the  slates  which  are  raised 
in  the  Principality. 

The  slates  that  are  worked  on  the  west  of  Snowdon  are  regarded 
by  the  author  as  all  belonging  to  one  bed,  which,  having  been  much 
tossed  about  by  the  greenstone,  is  repeated  many  times  in  some  lo- 
calities. On  the  Holyhead  road*,  its  first  appearance  towards  the 
west  is  in  the  Penhryn  quarry.  It  there  lies  in  a  trough  between  the 
metamorphic  rocks  of  Bronllwyd  on  the  east,  and  a  ridge  of  green- 
stone on  the  west.  The  bed  being  equally  upheaved  on  both  sides, 
dips  towards  the  middle  of  the  quarry  at  an  angle  of  about  ♦S^. 

The  effect  produced  by  the  doubling  up  of  the  bed  is  shown,  at  the 
back  of  the  quarry,  by  a  mass  of  broken  and  curved  slate  which  fills 
the  middle  of  the  trough,  and  is  there  squeezed  up  together.  The 
axis  of  the  trough  strikes  north-east,  as  do  the  planes  of  cleavage  in 
all  parts  of  the  quarry,  including  the  crushed  portion.  These  planes 
dip  south-east,  from  80°  to  85^,  with  great  regularity,  showing  that 
the  elevating  forces  had  ceased  to  act  before  the  cleavage  took  place. 
The  peculiar  position  of  the  beds  has  been  taken  advantage  of  in 
working  the  quarry,  which  is  disposed  in  terraces  that  give  it  nearly 
the  form  of  a  Roman  theatre. 

The  author  e:>timates  the  thickness  of  the  bed  of  good  slate  at 
not  more  than  200  feet,  though  it  appears  greater,  owing  to  the 
filling-up  of  the  trough  with  crushed  portions  of  its  upper  part. 
The  slate  is  of  a  rich  purple  colour,  with  green  spots  and  green  lines 
at  the  junction  of  the  beds. 

Below  the  fine  slate  lies  another  bed  of  slate  of  the  same  colour, 
but  too  hard  for  use ;  and  beneath  that  is  a  bed  of  hard,  green  slate- 
rock.  Then  follow  coarser  schists,  which  rest  on  the  igneous  rocks. 
•  See  Section  4. 
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These  beds  are  seen  on  both  sides  of  the  quany.   The  trough  of  slate 
crosses  the  Holyhead  road,  but  is  not  worked  to  the  north  of  it. 

To  the  west  of  the  Penhryn  quarries  the  same  purple  slate  is  re- 
peated three  times  between  ridges  of  greenstone : 

1.  On  the  west  of  Bethesda,  where  it  dips  north-west 

2.  At  Coet^mor  and  at  Tan-y<Bwlch,  where  it  dips  south-east  50% 
and  is  underlaid,  as  at  Penrhyn,  by  green  slate.  The  quarries  at 
these  places  are  of  considerable  extent. 

8*  At  Pont-y-Coetmor  and  Bryn,  where  it  dips  south-east  30% 
At  all  these  places  the  planes  of  cleavage  strike,  with  the  beds, 
north-east,  and  dip  south-east  from  80^  to  85% 

The  purple  slate  is  worked  on  a  large  scale  near  Llanberris,  but 
the  beds  worked  on  the  opposite  sides  of  the  valley  are  in  different 
positions,  as  a  considerable  fault  runs  along  the  pass*. 

On  its  northern  side  are  the  great  Dinorwig  quarries,  which  are 
worked  on  three  apparently  different  beds,  which  may  be  only  one 
bed  repeated  owing  to  local  disturbance,  all  dipping  W.S.W.  60^ ; 
the  cleavage  dipping  E.S.E.  70%  On  the  same  side  of  the  pass,  op- 
posite the  middle  of  Lake  Padam,  and  again  below  the  middle  of  that 
lake,  the  purple  slate  is  seen  lying  between  great  eruptive  masses  of 
greenstone. 

On  the  south  side  of  the  pass,  the  slate  is  first  seen  at  the  seventh 
milestone,  dipping  west  20%  Here  it  is  separated  from  the  Glyn 
quarries  by  a  narrow  dike  of  greenstone.  These  quarries  are  worked 
upon  two  beds,  which  are  separated  by  some  irregular  masses  of 
greenstone.  The  beds  dip  south-east  55°  \  and  the  cleavage  is  ver- 
tical and  strikes,  with  the  bedding,  north-east.  The  slate  rests  on 
metamorphic  rock ;  and  below  that  are  greenstones  and  other  igneous 
rocks,  forming  a  band  two  miles  wide,  the  western  edge  of  which  is 
covered  by  gravel. 

Bbctiok  0.  Valley  of  Bsmrt  Gabmom . 
N.W.  (Scale  ^  inch  a  i  mile.)  s.E. 

Gmrd.  ir  s         ir  Schist.       ir  Schista. 

w.  Oreenstofne.  ■•  SUte. 

At  Bettws  Garmon,  on  the  road  from  Beddgelert  to  Carnarvon, 
Ibe  purple  slate  occurs  only  once ;  it  lies  between  two  beds  of  green- 
stone. The  beds  dip  south-east  45%  that  is  to  say,  towards  the 
Snowdon  chain  :  the  cleavage  dips  north-west  85^.  The  slate  is  of 
the  usual  purple  colour  with  green  spots,  but  is  of  indifferent  qua- 
lity ;  the  workings  are  on  a  very  trifling  scale. 
•  Further  south,  in  the  valley  of  Llanllyfni,  the  purple  slate  is 
thrown  up  several  times,  owing  to  faults  and  to  eruptions  of  green- 
stone ;  in  consequence  of  which  it  is  worked  very  largely,  on  no 
less  than  six  different  lines.  The  colour  and  quality  of  the  slate  are 
the  same  as  at  Penhryn  and  Llanberris.  The  beds  strike  north- 
eaity  and  dip  either  north-west  or  south-east.    The  cleavage  strikes 

•  Sec  Section  5. 
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Section  7.  Valley  of  Llanlltfivi  (north  wde). 
W.  E- 


OraTcl.  '^ V '  •         •  •  B      ■ 

Greenatonc  and  schist.     "^ y  ■  •* 

Schists  and  Slate. 

south-east,  and  does  not  vary  more  than  10^  on  one  or  the  other 
side  of  the  vertical  plane.  The  most  easterly  part  of  this  slate  dips 
north-west  65^>  and  it  there  rests  conformably  on  the  schists  of  the 
Snowdon  chain. 

The  purple  slate  extends  about  two  miles  to  the  south  of  the 
valley  of  Llanllyfni,  but  it  is  not  worked  beyond  that  valley.  The 
slate,  where  it  terminates,  is  cut  off  by  a  system  of  rocks  striking 
east  and  west 

Notwithstanding  the  repetitions  shown  in  sections  4,  5  and  7>  the 
author  considers  the  purple  slate  as  forming  only  a  single  bed,  which 
reaches  from  Aber  on  the  coast  above  Bangor  to  Llanllyfni,  and 
overlies,  along  that  line,  the  schists  of  the  Snowdon  chain.  The 
section  of  Bettws  Garmon  might  lead  one  to  regard  the  date  as  lying 
below  the  schists  of  Snowdon,  but  that  inference  would  be  at  vari- 
ance with  all  the  other  sections;  and  the  beds  in  that  locality  are 
so  much  dbplaced  by  the  greenstones,  that  they  cannot  afford  us 
any  sure  guidance.  The  slate  is  usually  unconformable  to  the 
Snowdon  schists,  and  the  only  exception  to  this  is  at  Llanllyfni.  As 
from  the  central  axis  of  the  Snowdon  chain  to  the  purple  slate  on 
its  west  flank  there  is  an  ascending  series  of  beds ;  as  the  fossils 
found  on  that  flank  of  the  chain  belong  to  the  Caradoc  or  upper 
portion  of  the  Lower  Silurian  system,  and  as  no  other  Lower  Silu- 
rian rocks  are  found  above  the  purple  slate,  the  author  concludes 
that  the  purple  slate  is  the  uppermost  of  the  Lower  Silurian  rocks. 

This  purple  slate  is  probably  identical  with  some  one  of  the  beds 
of  slate  on  the  east  side  of  the  anticlinal  of  Snowdon,  but  there  is 
no  bed  of  slate  on  that  side  of  the  ridge  which  resembles  the  pur- 
ple slate  in  colour.  Throughout  the  greater  part  of  North  Wales 
the  top  bed  of  the  Lower  Silurian  formation  is  a  good  roofing-slate, 
but  of  a  dark  grey  colour.  The  purple  colour  ought  therefore  to 
be  regarded  as  a  local  peculiarity  *. 

Along  the  whole  line  of  the  purple  slate  on  the  west  of  Snowdon, 
the  cleavage  planes  are  very  constant  in  their  direction ;  for,  with 
the  exception  of  a  slight  deviation  at  Llanberris,  they  uniformly 
strike  north-east,  and  do  not  vary  from  the  vertical  plane  on  either 
side  more  than  10°. 

Northern  continuation  of  the  Snatcdon  Chain, — The  author  made 
only  a  slight  examination  of  the  district  north  of  Glyder-fawr. 
What  he  saw  of  it  was  analogous  in  structure  to  that  mountain ; 

*  The  purple  slates  with  their  green  spots  have  much  resemhlance  to  the  green 
slates  of  Cumberland,  which  are  green  with  purple  spots.  These  are  the  only 
slates  in  North  Wales  which  have  any  resemblance  to  the  green  slates  of  the 
Lakes. 


S02  PROCEEDINGS  OF  TUB  GEOLOGICAL  SOCIETY. 

but  as  you  advance  towards  the  nortliy  the  igneous  rocks  beoonie 
more  and  more  prevalent. 

To  the  north  and  west  of  Conway  there  is  an  extensive  district  of 
metamorphic  rocks,  of  which  the  most  abundant  is  quartz-rock,  in 
Tarious  forms,  but  usually  more  or  less  schistose. 

South'tvest part  of  Carnarvonshire. 

1.  Schistose  Rocks. — The  strike  of  the  beds,  which,  in  the  Car- 
narvonshire trough,  is  from  N.E.  to  N.N.E.,  changes  to  east  a  few 
miles  south  of  Beddgelert,  and  a  little  further  to  the  south  becomes 
perpendicular  to  the  strike  prevailing  in  the  trough. 

At  Forth  Treweddyn,  4^  miles  south  of  Beddgelert,  in  extensive 
Quarries  of  light  grey  flagstone,  the  bedding  dips  north  20%  the 
lavage  N.N.E.  30%  About  a  mile  west  of  Forth  Treweddyn,  in 
the  high  crags  north  of  Treniadoc,  a  remarkable  instance  occurs  of 
the  interstratification  of  greenstone  with  the  schist 

The  schist  on  which  the  village  of  Tremadoc  stands  is  very  much 
altered  and  broken.  It  dips  N.N.E.  15%  and  passes  beneath  a  thick 
mass  of  greenstone,  running  two  miles  westward.  The  same  dip 
prevails  in  several  hillocks  south-east  of  Tremadoc,  between  that 
village  and  Porth-madoc;  the  rocks  consisting  of  a  ferruginous 
grit  alternating  with  beds,  four  inches  thick,  of  very  rich  ironstone. 
Immedfately  to  the  south-west  of  Forth- madoc,  near  Morfa  Liodge, 
is  a  light  grey  flagstone,  dipping  N.N.E.  10^. 

West  of  Morfa  Lodge  is  the  greenstone  ridge  of  M oel-y-gest, 
which  has  raised  the  schists  into  an  anticlinal  ridge,  and  given  ^em 
an  eastern  strike.  On  the  line  of  the  axis  of  this  ridge,  three  miles 
west  of  Morfa  Lodge,  the  beds  have  a  north-east  strike ;  and  in 
a  metamorphic  rock,  which  dips  south-west  30%  a  copper- mine  is 
worked. 

From  Brongader  to  the  south-west  as  far  as  Criccieth,  a  distance 
of  about  two  miles,  schistose  rocks  extend.  They  dip  south.  To 
the  south  of  Criccieth  the  schistose  beds  are  much  concealed  by 
great  accumulations  of  gravel. 

About  seven  miles  west  of  Criccieth,  and  four  miles  north  of 
Pwllheli,  is  a  quarry  beside  the  road  from  Pwllheli  to  Carnarvon, 
in  which  the  beds  strike  north  and  south.  Here,  in  a  dark  slate  of 
indiflTerent  quality,  are  found  obscure  traces  of  organic  remains. 
The  bedding  dips  west  .55%  the  cleavage  west  70% 

The  rest  of  the  south-west  part  of  the  county,  frequently  called 
the  heel  of  Carnarvonshire,  is  covered  by  a  brown,  very  rotten  and 
shivery  schist,  in  which  the  author  did  not  discover  any  organic 
remains.  The  schists  are  broken  up  by  various  porphyritic  massesy 
and  their  strike  and  dip  are  very  irregular. 

In  the  proximity  of  the  felspathic  rocks,  hereafter  noticed,  these 
•chbts  are  changed  into  black  shale ;  the  resemblance  of  which  to 
a  coal-shale  has,  in  several  places,  given  rise  to  borings  for  coaL 
One  of  these  trials  was  made  between  Criccieth  and  Pwllheli ;  and| 
on  a  common  about  2^  miles  west  of  the  latter  place,  the  boringf 
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were  continued  until  the  tools  were  broken  by  coming  in  contact 
with  porphyry. 

At  the  extreme  point  of  the  south-west  promontory  of  Camar- 
Tonshire,  between  Aberdaron  and  Porth-felin,  hard  gritty  schistose 
flags  are  found ;  and  these  are  overlaid  by  rotten  brown  schists, 
striking  north-east  or  N.N.E.,  and  dipping  at  a  very  high  angle  to 
the  south-east ;  the  cleavage  here  dips  south-east  50°, 

The  schistose  rocks  of  the  south-west  of  Carnarvonshire  (with 
the  exception  of  the  steatitic  schbt  hereafter  noticed)  are  referred 
by  the  author,  though  with  much  hesitation,  to  the  Cambrian  series 
of  rocks. 

NoTB,  1846. — ^From  organic  remains  found  in  them  by  Professor  Sedgwick,  it 
is  now  known  that  they  belong  to  the  Lower  Silurian  series,  and  they  are  accord- 
ingly coloured  as  such  on  the  annexed  map  (see  Plate  XII.). 

2.  fyneotis  Rocks. 

(a.)  Felspathic  Porphyry, — The  insulated  hill  south  of  Criccieth, 
a  considerable  tract  round  Pwllheli,  and  the  hills  which  commence 
on  the  coast  S\  miles  south-west  of  the  latter  place,  and  run  north- 
west from  Mynydd-tir-y-Cwmmwd,  south  of  Llanbedrog,  through 
Mynydd-mynytho  to  Cam  Fadryn,  consist  of  an  amorphous  flesh- 
coloured  rock,  composed  of  compact  felspar  and  quartz,  and  resem- 
bling the  rocks  of  Cader  Idris  and  Arenig.  In  the  ravine  of  Nant 
Bodlas,  which  intersects  the  last-mentioned  felspathic  mass,  between 
Mynydd-mynytho  and  Carn  Fadryn,  black,  grey  and  flesh-coloured 
porphyries  occur.  Felspathic  rocks  are  also  found  on  a  line  com- 
mencing in  Mynydd  Ystwm  north  of  Aberdaron,  and  extending,  in 
a  north-easterly  direction,  through  Mynydd-cefn-amlwch  to  the  high 
peaks  of  Yr  Eifls  and  the  hill  south  of  Clynnog-fawr. 

These  felspathic  rocks,  when  in  proximity  with  the  schist,  disturb 
its  planes  both  of  bedding  and  cleavage,  and  alter  its  mineral  cha- 
racter. 

{b,)  Greenstone, — The  greenstones  of  the  south-west  of  Carnar- 
vonshire, not  including  those  of  Tremadoc,  differ  from  those  of  the 
Snowdon  chaiiuin  two  respects.  First,  they  are  of  coarser  grain ; 
and  secondly,  they  arc  of  posterior  date  to  the  cleavage  of  the 
schists.  Like  the  felspathic  rocks  last  noticed,  they  have  been  up- 
heaved in  great  masses,  causing  much  confusion  in  the  schistose 
rocks.  Of  this  description  of  greenstone  consist  the  hills  of  My- 
nydd Rhiw,  four  miles  east  of  Aberdaron,  and  of  Cam  Boduan 
south  of  Nevin ;  also  the  low  rocks  of  Edeyrn  west  of  Cam  Boduan, 
and  of  Porthwen  on  the  coast  further  westward ;  and  to  the  north- 
east, the  hills  of  Moel  Penllechog  and  Y-gyra-ddu,  south-west  of 
Clynnog-fawr.  To  the  north  of  Y-gym-ddu,  at  the  points  of  junc- 
tion between  this  greenstone  and  the  porphyry  of  Y-gj'rn-coch, 
several  varieties  of  igneous  rock  occur. 

(c.)  Serpentifie  and  StecUitic  Schist, — Along  the  western  coast  of 
the  Carnarvonshire  promontory,  from  the  point  opposite  Bardsey 
bland  to  Porth  Dynllaen,  west  of  Nevin,  a  band  of  serpentine  and 
steatitic  schists  extends. 
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At  Porth-feliDy  on  the  louth,  a  narrow  ridge  of  mottled  green 
and  red  serpentine,  ai»ociated  with  green  trap,  blood-red  jaspefi 
and  a  cryitalline  flesh-coloured  Umestone^  breaks  through  between 
two  nearly  vertical  ridges  of  greenish-white  steatitic  schist.  The 
ridge  runs  N.N.E.  and  S.S.W.  The  cleavage  of  the  schist,  in  the 
western  ridge,  dips  south-east  50^.  At  Pordi  Orion,  three  miles  to 
the  N.N.E.,  a  limestone,  similar  to  that  last  mentioned,  is  said  to  be 
found. 

At  Porthwen  and  at  Edejm,  near  Nevin,  the  serpentine  runs  be- 
tween the  greenstone,  as  if  ejected  at  a  more  recent  period.  At  the 
northern  extremity  of  the  serpentine  band,  the  serpentine  is  pure, 
and  of  a  dark  green  colour. 

Merionethshire. 

Barmouth  c/iain  of  Hills, — Barmouth  lies  at  the  southern  point 
of  a  lofty  chain,  which  after  running  northwards  nearly  fourteen 
miles,  is  cut  off  by  the  great  Bryn-y-ddinas  fault  This  chain  is 
diiefly  remarkable  for  the  interstratification  it  exhibits  of  schistose 
with  igneous  rocks. 

The  axis  of  the  lofty  hill  immediately  north  of  Barmouth  is  a 
mass  of  compact,  highly  crystalline,  lightish-coloured  greenstone. 
On  the  west  side  of  the  hill  are  numerous  alternations  of  schist  and 
greenstone.  At  first  the  greenstone  predominates,  and  the  schia- 
toee  beds  are  thin  and  far  apart ;  but  as  the  distance  from  the  axis 
increases,  they  become  more  frequent,  until,  at  a  mile  from  it,  the 
greenstone  whollv  disappears. 

The  schistose  beds  are  of  variable  thickness ;  those  of  greenstone 
ire,  many  of  them,  only  a  few  inches  thick,  and  some  many  feet. 
The  cleavage  planes  can,  in  many  cases,  be  traced  through  the 
greenstones,  but  they  do  not  lie  close  together,  and  are  only  faintly 
marked. 

On  the  east  side  of  the  end  of  the  ridge,  near  Barmouth,  tlie 
alternations  of  greenstone  are  fewer  than  on  the  west  side.  About 
a  quarter  of  a  mile  east  of  Barmouth  the  greenstone  ceases,  and  the 
ehain  is  overlaid  by  a  great  thickness  of  hard  light  J>Iue  slaty  flag^ 
ifcone,  and  above  this  are  grey  schists. 

Towards  the  southern  end  of  the  chain  the  prevailing  strike  is 
north  by  east.  Near  Barmouth,  on  the  west  side  of  the  chain,  the 
bedding  dips  south-east  30^  and  the  cleavage  north-west  &f* 
About  a  mile  north  of  Barmouth,  on  the  Harlech  road,  the  bedding 
dips  E.N.E.  60^  and  the  cleavage  £.$.£.  80"".  East  of  Hendie- 
mynech,  which  is  about  a  mile  north  of  the  town,  the  cleavage  is 
vertical,  and  strikes  N.N.E.  East  of  Barmouth  the  bedding  dipa 
£•&£.  in  a  steep  arch ;  the  cleavage  is  vertical,  and  strikes  N.N.E. 

Towards  the  north  end  of  the  chain  the  alternations  of  igneoua 
with  aqueous  rocks  are  on  a  greater  scale.  The  sides  of  CwnH 
Moch,  leading  from  the  north-west  up  to  Diphwys,  afford  a  good 
section  of  these  beds.  Greenstone,  similar  to  that  of  Barmouth,  in 
beds  from  three  to  ten  feet  thick,  alternates  with  thinner  beds  iji 
sandstone  and  conglomerate,  which  are  often  semi-crystaUine, 
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with  beds  of  schist  The  dip  is  from  N.N.E.  to  N.N.W.,  at  an  angle 
of  15°. 

On  the  west  side  of  Craig-drwg  (a  ridge  commencing  about 
eleven  miles  north  of  Barmouth,  and  14  mile  long),  on  the  descent 
towards  Hariech,  in  a  similar  series  of  alternations  there  are  nearly 
too  beds  of  greenstone.  The  bedding  dips  from  south-west  to 
W.S.W.  10°,  and  the  cleavage  north-east  60''. 

Between  these  igneous  rocks  and  the  sea  is  a  series  of  light  blue 
slaty  flagstones,  with  some  alternations  of  shale,  and  a  few  thick 
interstratified  masses  of  greenstone.  The  lowest  beds  of  the  series 
occur  near  Harlech. 

On  the  hills  behind  Llanbedr  (seven  miles  north  of  Barmouth), 
and  in  the  ravine  of  Egryn  (three  miles  north  of  Barmouth),  a  bed 
of  slate  is  worked.  The  bedding  of  the  flagstone  and  slate  dips 
east,  E.S.E.,  and  north-east  by  north,  on  the  average  east,  at  an 
angle  of  10°;  the  cleavage  dips  east  60°. 

Since  the  beds  of  the  Barmouth  chain  have  not  been  found  to 
contain  any  fossils,  and  since  they  are  cut  ofi*  by  the  fault  of  Bryn- 
y-ddinas  from  the  beds  of  the  Carnarvonshire  trough,  the  author 
finds  it  difficult  to  determine  their  age  with  any  precision.  In  mi« 
Deral  character  they  much  i^esemble  the  light  grey  slaty  flagstones 
of  Manod-mawr  and  Ffestiniog,  which  are  placed  by  the  author  near 
the  top  of  the  Cambrian  series. 

Fmm  the  Greenstone  cluiin  of  Barmouth  to  the  Porphyritic  chain 
of  Cader  Idris  and  Arenig, — The  prevailing  dip  on  the  east  side  of 
the  Barmouth  chain  near  Barmouth  led  the  author  to  seek  for  an 
ascending  series  of  beds  in  the  direction  of  Dolgelly.  The  lower 
beds  are  hard  light  grey  slaty  flagstones,  the  same  probably  with 
those  of  Harlech ;  and  above  these  are  rusty  schists  with  some  beds 
of  tolerable  slate.  The  us^al  dip  of  the  beds  is  east  at  a  high  angle, 
but  it  is  subject  to  great  irregularity,  and  to  some  alternations  to 
the  south-west  The  clei^a^e  usually  dips  from  east  to  south-east, 
at  from  50°  to  55° ;  but  the  angle  also  is  inconstant  All  these 
rocks  the  author  is  inclined  to  refer  to  the  Cambrian  series. 

The  beds  in  this  line  of  section  are  much  interrupted  by  exten« 
sive  igneous  dikes.  Near  the  river  Mawdach  these  dikes  strike 
from  E.N.E.  to  N.N.E. ;  but  further  northward  they  strike  due 
north. 

The  great  eruptive  mass  of  Cader  Idris,  which  crosses  the  Maw- 
dach at  Dolgelly,  entirely  cuts  off*  the  last<lescribed  series  of  beds* 
Between  this  porphyritic  chain  and  the  parallel  and  similar  chain  of 
Arenig,  is  a  narrow  tract  of  slate  and  schist,  which  crosses  the  road 
to  Bala,  about  three  miles  from  Dolgelly.  Between  the  porphyritic 
chains  of  Arenig  and  Arran  Mowddy,  the  beds  belong  whoUy  or  in 
part  to  the  Lower  Silurian  series. 

West  side  of  Carnarvonshire. 

1 .  Gravel. — From  Clynnog  to  Penman-mawr,  the  whole  western 
side  of  the  Snowdon  chain  b  flanked  by  igneous  rocks,  forming 

x2 


S06  PROCEEDIKOS  OF  THE  GEOLOGICAL  SOCIETY. 

either  one  broad  belt,  or  several  narrower  bands  broken  by  inter* 
▼ening  beds  of  slate. 

This  Igneous  zone  is  overlaid  on  the  west  by  a  thick  bed  of  gravel, 
which,  for  a  space  of  about  three  miles  broad  and  twenty-four  miles 
long,  entirely  conceals  the  beds  lying  next  to  the  mountain  chain*. 
On  the  coast  near  Clynnog,  the  gravel  forms  the  entire  clifls,  nearly 
100  feet  high ;  on  the  east  of  Carnarvon  and  Bangor  it  passes  in- 
land, at  some  distance  from  the  Menai  Straits ;  it  terminates  north- 
wards on  the  coast  between  Aberf  and  Penman-mawr.  It  consists 
of  rolled  fragments  of  all  sizes^  from  mere  pebbles  up  to  huge  boul- 
ders, all  apparently  derived  from  the  rocks  of  the  Snowdon  chain. 
The  valley  which  contains  this  great  drift  deposit  is  the  more  re- 
markable when  contrasted  with  the  valleys  on  the  east  of  the  chain, 
which,  comparatively,  are  exempt  from  gravel.  There  is  however 
a  similar  accumulation  of  gravel  in  some  of  the  lower  parts  of  the 
south- west  end  of  Carnarvonshire. 

2.  Upper  Silurian  and  more  recent  formations, — It  was  only  at 
intervals  that  the  author  examined  the  rocks  on  the  Carnarvonshire 
side  of  the  Menai  Straits.  The  strata  on  the  shore  rise  for  the  most 
part  into  considerable  cliffs. 

{a.)  Carnarvon, — The  hill  to  the  north-east  of  Carnarvon  consists 
of  a  light  brown  or  yellowish  felspar  porphyry ;  and  this  mass  runs 
southward  more  than  a  mile.  On  the  west  the  porphyry  is  overlaid 
by  a  brown  or  liver-coloured  shale,  which,  near  the  igneous  rock,  is 
much  contorted  and  altered.  Carnarvon  Castle  stands  on  this  shale, 
which  may  be  seen  in  an  unaltered  state  in  the  railroad  cuttings 
south-west  of  the  town.  The  usual  dip  of  the  bedding,  when  undis- 
turbed, is  south-east  45^ ;  the  cleavage,  which  is  very  decided,  dips 
south  70°.  Although  the  author  could  not  discover  any  fossils  in 
the  shale,  yet,  from  its  mineral  character,  he  assigns  it  without  he- 
sitation to  the  Ludlow  series. 

To  the  north-east  of  the  porphyritic  hills  above  mentioned,  for 
the  distance  of  some  miles,  the  beds  are  covered  up  by  gravel. 

(h.)  Bangor, — At  the  Menai  Bridge,  mountain  limestone  forms 
the  base  of  the  cliff.  Above  the  limestone  are  beds  of  calcareous 
sandstone  alternating  with  carbonaceous  shale.  The  sandstone  con- 
tains large  Producti;  the  shale  contains  vegetable  impressions. 
These  beds  are  overlaid  by  alternations  of  ferruginous  sandstone 
and  dark  shale  belonging  to  the  coal-measures.  At  the  top  of  the 
cliff  is  an  impure  sandy  limestone,  mixed  up  irregularly  with  calca- 
reous conglomerate,  and  belonging  to  the  magnesian  limestone.  These 
three  formations  are  here  conformable,  and  dip  S.S.E.  5°.  About 
one-third  of  a  mile  from  the  bridge  they  are  cut  off  by  a  fault, 
which  runs  north-east,  and  comes  out  on  the  shore  about  a  mile 
beyond  the  bridge. 

On  the  east  side  of  the  fault  is  a  narrow  ridge,  running  south-west 
by  south,  consisting  of  thick  beds  of  hard,  coarse,  siliceous  conglo- 

*  Mr.  A.  Aikin  described  this  enormous  deposit  of  gravel  in  his  <  Tour  in  North 
Wsles/ 
t  Three  milei  south-weit  of  Penman-mawr. 


SHARPE  ON  NORTH  WALEjB.  307 

merate,.  alternating  with  beds  of  grey  chert.  The  bedding  dips  east. 
This  rock  the  author  refers  to  the  old  red  sandstone.  This  con* 
glomerate  is  cut  off  by  a  second  fault,  which  also  runs  north-east, 
and  comes  out  on  the  shore  at  a  hollow  in  the  cliff  near  Gared-gith, 
about  a  quarter  of  a  mile  beyond  the  former  fault.  Between  the 
two  faults  there  is  a  good  section  of  the  conglomerate. 

To  the  east  of  the  second  fault,  extending  along  the  cliff  about  a 
mile,  as  far  as  Garth  point,  and  covering  the  valley  of  Bangor,  lie  va- 
rious brown  and  liver-coloured  shales,  referred  by  the  author  to  the 
Ludlow  series. 

The  axis  of  the  hill  east  of  Bangor  is  a  greenstone  trap.  It  runs 
S.S.C.,  and  has  disturbed  and  twisted  about  the  Ludlow  rocks,  and 
has  given  them  a  high  inclination.  They  dip  between  the  Straits  and 
Bangor  E.S.E.  30° ;  west  of  the  trap,  W.N.W.  60°;  east  of  the  trap 
south-east,  at  a  high  angle :  further  to  the  east  they  are  lost  below 
the  drift  already  described. 

Since  the  beds  on  both  sides  of  the  two  faults  agree  in  having  a 
dip  eastward,  if  the  faults  were  overlooked  the  Ludlow  beds  around 
Bangor  would  appear  to  lie  above  the  magnesian  limestone ;  and  it 
is  from  that  circumstance  probably  that  Mr.  Greenough  in  his  Geo- 
logical Maps  has  been  led  to  colour  these  Ludlow  shales  as  new  red 
sandstone.  Unless  the  thickness  of  the  Wenlock  series  has  been 
greatly  reduced  in  this  part  of  North  Wales,  it  is  impossible  that  it 
should  lie  concealed  under  the  deposit  of  drift  which  skirts  the  Snow- 
don  chain.  It  is  by  no  means  improbable  however  that  in  this  part 
of  Carnarvonshire  the  Wenlock  series  is  entirely  wanting ;  that  con- 
sequently the  igneous  rock  which  flanks  that  chain  is  overlaid  by  the 
Ludlow  shales ;  and  therefore  that  the  stratified  formation  next  above 
the  Lower  Silurian  slates  is  the  Ludlow  rock.  This  cannot  be 
decided  owing  to  the  covering  of  gravel,  which  completely  conceals 
the  stratification. 

At  the  north-east  angle  of  the  county,  the  Wenlock  rocks  of  Den- 
bighshire cross  the  river  Conway  above  Caer-hun,  four  miles  and  a 
half  south  of  Conway,  and,  forming  a  band  about  two  miles  wide, 
they  pass  along  the  left  bank  of  the  river  to  the  north  of  Conway 
town.  Along  this  line  they  abut  unconformably  against  the  Lower 
Silurian  and  igneous  rocks  of  the  Snowdon  chain. 

General  Remarks  on  the  Upper  and  Lower  Silurian  and  Cambrian 
Formations  of  JNorth  Wales, 

The  principal  points  of  difference  which  the  author  has  had  occa« 
sion  to  observe  between  the  Silurian  and  Cambrian  rocks  of  North 
Wales  and  those  of  the  English  border  counties,  are  arranged  by  him 
under  the  three  following  heads : — 

Ist  The  greater  thickness  of  each  formation  in  North  Wales. 

2nd.  The  paucity  of  organic  remains  in  North  Wales,  and  that 
even  in  beds  which  in  the  English  border  counties  are  crowded  with 
fossils. 

3rd.  The  prevalence  of  slaty  cleavage  in  North  Wales.  » 
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FWit  ami  second  Poinis  of  Difference, — From  the  examination 
which  the  author  and  other  geologists  have  made  of  the  several  fos« 
ailiferous  formations  of  North  Wales,  described  in  his  paper,  and 
those  of  the  English  border  counties,  he  draws  the  conclusion,  that 
the  tame  formation  contains  fewer  fossils  in  the  one  district  than  in 
the  other,  according  as  its  thickness  is  greater  in  the  one  district  than 
in  the  other ;  and  this  conclusion  he  supports  by  several  examples. 

This  seeming  correspondence  between  the  paucity  of  fossils  in  a 
fimnation  in  any  given  district,  and  its  thickness  in  that  district,  the 
author  conceives  to  be  deducible,  as  a  consequence,  from  the  laws 
which  govern  the  distribution  of  marine  animals  in  the  sea  at  differ- 
ent depths,  which  have  been  derived  by  Professor  £•  Forbes  from 
hk  dredging  operations  in  the  iEgean  Sea. 

The  laws  to  which  he  more  particularly  alludes  are,  1st,  that  the 
number  of  species,  and  of  the  individuals  of  every  such  species  in- 
habiting the  sea  at  any  given  depth,  is  the  less  as  that  depth  is 
greater,  and  the  greater  as  that  depth  is  less ;  and,  2ndly,  that  the 
range  of  depth  inhabited  by  any  species  is  the  greater  as  the  depth  is 
greater,  and  the  less  as  the  depth  is  less.  Whence  it  follows,  that 
were  an  internal  sea  to  be  gradually  filled  up,  and  were  the  solid 
contents  of  the  basin  so  filled  up  to  be  divided  into  strata,  each  stra- 
tum being  determined  by  the  identity  of  the  species  therein  pre- 
aenred,  the  thicker  strata,  containing  the  fewest  organic  remains^ 
would  be  found  towards  the  bottom,  and  each  successive  stratum  in 
asoending  order  would  be  thinner  and  thinner,  and  more  and  more 
rqdete  with  fossils. 

Among  the  examples  which  he  gives  of  an  existing  correspond- 
ence between  the  thickness  of  a  formation  and  its  comparative  defi- 
eiency  in  fossils,  is  the  Wenlock  series,  as  seen  in  Worcestershire 
and  in  North  Wales.  This  series,  near  Llangollen,  is  about  S500  feet 
thick,  and  is  not  known  to  have  afforded  more  than  a  dozen  differ- 
ent fossil  species.  Of  these  the  most  abundant  occur  in  the  middle 
and  lower  beds,  and  belong  to  the  genus  CreseU.  The  author 
states,  on  the  authority  of  Professor  £.  Forbes,  that  the  remains  of 
the  recent  species  of  this  genus  are  found  in  great  abundance  in  the 
Mediterranean,  in  the  sediment  at  the  bottom  of  the  sea  at  great 
depths ;  but  that  in  shallow  bottoms  such  remains  are  rare.  The 
same  series  near  Dudley  does  not  attain,  perhaps,  a  fourth  of  the 
above  thickness ;  and  it  b  crowded  with  organic  remains,  among 
which  the  stony  corals  abound ;  and  these  are  specially  indicative  of 
a  deposit  in  shallow  water.  The  same  may  be  remarked  of  the 
Lower  Silurian  formations,  which  in  North  Wales'are  far  thicker  and 
oontain  fewer  fossils  than  in  Shropshire  and  the  border  counties. 

The  author  has  not  pointed  out  any  criteria  by  which  to  distin- 
guish the  Cambrian  series  from  the  Lower  Silurians,  unless  it  be 
that  the  former  series  lies  below  the  latter,  and  is  almost,  if  not 
wholly,  destitute  of  organic  remains.  The  law  of  diminution  in  the 
living  animab  of  the  sea  as  the  depth  increases,  points  to  a  total 
absence  of  animal  life  at  about  300  fathoms  below  the  surface.  The 
Cambrian  series  may  therefore  be  regarded,  either  as  a  depoeit 
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formed  in  the  depths  of  an  ocean  below  the  limit  of  animal  life,  or 
as  a  formation  which  preceded  the  appearance  of  animals  in  these 
parts  of  the  northern  hemisphere. 

Third  Point  of  Difference. — In  North  Wales,  not  only  in  the 
Cambrian  but  also  in  the  Lower  Silurian  rocks,  slaty  cleavage  is 
universal:  it  is  very  common  in  the  Wenlock  series;  and  in  many 
localities  it  runs,  in  a  marked  degree,  through  the  whole  thickness 
of  the  Ludlow  shales ;  but  in  other  localities  these  shales  are  wholly 
exempt  from  it.  The  principal  epoch  of  slaty  cleavage,  however, 
preceded  the  formation  of  the  Ludlow  beds ;  for  these  beds  are  in 
many  instances  undisturbed  by  the  faults  which  have  broken  up  the 
planes  of  cleavage  in  the  older  rocks.  The  author  was  assiduous  in 
measuring  the  position  of  the  planes  of  bedding  and  cleavage  in 
various  parts  of  North  Wales,  in  the  hope  of  making  out  some 
general  laws  respecting  cleavage.  In  measuring  the  angles,  how- 
ever, he  does  not  pretend  to  have  approximated  nearer  than  within 
5^  of  the  truth,  as  the  surface  of  the  beds  is  rarely  fiat  enough  to 
allow  of  greater  accuracy. 

One  law  respecting  slaty  cleavage  was  announced  in  1831  by 
Professor  Sedgwick*,  and  is  now  well  known:  that  law  is,  th&t 
the  cleavage  planes  maintain  their  parallelism  over  extensive  areas, 
irrespective  of  the  varying  position  of  the  beds  which  they  cut 
through,  or  of  the  mineral  character  of  the  beds.  Another  law 
respecting  slaty  cleavage  was  detected  by  the  authorf  in  the  progress 
of  his  tour,  and  is  the  following :  viz.  that  the  strike  of  the  cleavage 
coincides  with  the  strike  of  the  bedding,  whenever  the  latter  con- 
tinues uninterruptedly  the  same  for  a  considerable  distance ;  but 
when  the  strike  of  the  beds  is  inconstant,  and  shifts  at  short  inter- 
vals, then  the  cleavage  planes  hold  their  course  right  on,  irrespective 
of  the  varying  position  of  the  planes  of  bedding ;  in  other  words, 
that  the  strike  of  the  cleavage  coincides  with  the  prevailing  strike 
of  the  beds  in  each  district,  and  does  not  varv  with  the  subordinate 
and  local  irregularities  in  the  strike  of  the  beds.  Whence  it  follows, 
that  the  strike  of  the  cleavage  in  a  district  is  far  more  constant  and 
regular  than  the  strike  of  the  beds.  ^ 

In  order  to  present,  in  a  succinct  form,  the  evidence  from  which 
the  author  has  deduced  this  second  law  respecting  slaty  cleavage, 
the  observations  he  made,  in  various  parts  of  North  Wales,  of  the 
positions  of  the  planes  of  bedding  and  cleavage,  are  arranged  in  the 
table  given  at  p.  315. 

From  the  author's  observations  it  appears,  that  the  district  of 

♦  Geol.  Trans.  2n(l  set.  3rd  vol.  p.  68. 

t  While  the  author  was  drawing  this  conclusion  from  his  observations  in  Wales, 
a  nearly  similar  law  was  announced  to  the  British  Association  at  Cork  by  Professor 
Phillips,  in  the  following  terms: — "The  cleavage  planes  of  the  slate  rocks  of 
North  Wales  are  always  parallel  to  the  main  direction  of  the  great  anticlinal 
axes,  but  are  not  affected  by  the  small  undulations  or  contortions  of  these  lines. 
In  North  Wales  they  maintain  the  same  direction  for  fifty  miles,  not  varying  more 
than  two  or  three  degrees.''     [See  Athenaeum,  2nd  Sept.  1843.] 
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North  Wales  in  which  the  parallelism  between  the  strike  of  the 
bedding  and  cleavage  appears  in  the  most  marked  degree,  is  idl  that 
part  of  Camanronshire  which  lies  north  of  Tremadoc  Throughout 
thia  area,  on  the  south  of  the  Holyhead  road,  the  beds  as  well  as  the 
cleavage  planes  strike  north-east.  On  the  west  side  of  the  Snowdon 
anticlinal  the  beds  are  much  tossed  about,  and  dip  at  various  angles 
either  north-west  or  south-east,  and  the  cleavage  planes  are  nearly 
vertical.  On  the  east  side  of  the  anticlinal  the  beds  dip  south-east, 
and  the  cleavage  dips  north-west  from  60°  to  65°.  On  the  eastern 
side  of  the  Carnarvonshire  synclinal  the  beds  dip  north-west,  as  does 
also  the  cleavage,  but  at  an  angle  which  gradually  diminishes  as  you 
recede  from  the  Snowdon  chain.  Thus  at  the  Rhiw  Brefder  quar- 
ries the  angle  is  55^ ;  at  the  Diffwys  quarries  it  is  45°,  and  at  Manod- 
mawr  35°.  Towards  the  northern  extremity  of  the  county  of  Car- 
narvon the  strike  of  the  beds  changes  from  north-east  to  N.N.E.,  as 
does  also  the  strike  of  the  cleavage.  To  the  south  of  Tremadoc 
the  beds  change  in  strike  from  north-east  to  east,  and  the  cleavage 
changes  in  strike  from  north-east  to  E.S.E. 

The  parallelism  in  the  strike  of  the  planes  of  bedding  and  clea- 
vage prevails  also,  in  a  marked  degree,  in  the  slaty  district  north  of 
the  Dee,  and  also  in  the  North  Berwyns.  The  common  strike  of  the 
two  planes  approaches  to  east ;  but  it  is  subject  to  many  local  varia- 
tions ;  and  in  such  cases  the  two  planes  vary  in  strike  together.  The 
cleavage  has  a  northerly  dip,  at  angles  varying  from  25   to  6S^. 

In  the  Barmouth  chain  the  strike  of  the  cleavage  is  somewhat  irre- 
gular ;  but  its  mean  direction  is  north  and  south,  and  its  dip  is  from 
ea«t  60°  to  west  60°. 

In  the  district  intersected  by  the  great  porphyritic  eruption  of 
Arenig,  Arran  Mowddy,  &C.,  the  planes  of  cleavage  have  lost  their 
original  bearings,  and  are  subject  to  the  greatest  irregularity  both  in 
respect  of  direction  and  dip ;  and  the  same  observation  applies  to 
the  district  of  Liower  Silurian  rocks  extending  along  the  Holyhead 
road  between  Bryn-y-ddinas  and  Corwen. 

From  the  circumstance  that  the  position  of  the  planes  of  cleavage 
depends,  not  on  the  varying  position  of  the  beds  at  each  particular 
spot,  but  on  their  main  position,  the  author  infers  that  slaty  clea- 
vage cannot  have  arisen  from  any  power  analogous  to  that  of  crystal- 
Uiation  ;  and  from  the  almost  mathematical  regularity  with  which 
those  planes  are  arranged,  he  concludes  that  they  are  not  the  effect 
of  mechanical  force  or  pressure  exerted  at  the  moving  or  upheaving 
of  the  rocks. 

The  author  further  concludes  from  his  observations,  that  in  those 
parts  of  North  Wales  where  the  strata  are  least  disturbed,  the  planes 
of  bedding  and  cleavage  meet  at  an  angle  of  from  15°  to  30° ;  and 
hence  he  infers,  that  in  those  cases  where,  at  the  time  of  cleavage, 
the  beds  were  horizontal,  such  was  also  the  angle  at  which  the 
cleavage  intersected  the  bedding  (15°  to  30^).  The  author  further 
observed,  that  in  the  quarries  of  North  Wales  which  afford  the 
slate  of  the  best  quality,  the  bedding  and  cleavage  rarely  meet  at 
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an  angle  less  than  25^  and  never  less  than  9(f ;  and  that  whenevet 
the  angle  is  less  than  20°,  the  slate  is  of  inferior  quality.  An  in« 
crease  in  the  angle  at  which  the  planes  meet  has  no  injurious  effect ; 
for  in  many  instances  when  the  slate  is  of  the  best  qusditj,  the  angle 
of  intersection  is  45°  and  upwards. 

The  Igneous  Rocks  of  North  WcUes,  arranged  according  to  their  age* 

The  oldest  igneous  rocks  in  North  Wales  are  the  greenstones  of  the 
hills  north  of  Barmouth,  which  are  truly  interstratified  and  contem- 
poraneous with  the  Cambrian  schists  of  these  hills.  As  these  schis^ 
tose  beds  could  not  have  been  deposited  in  their  present  inclined 
position,  they  must  have  been  elevated  since  they  were  deposited. 

The  next  igneous  rocks,  in  point  of  age,  are  the  parallel  dikes  of 
greenstone,  striking  north-east  and  N.N.E.,  which  intersect  Carnar- 
vonshire. The  whole  of  these  had  assumed  nearly  their  present  po^ 
sition  before  the  Wenlock  rocks  were  deposited,  and  also  before  the 
Cambrian  and  Lower  Silurian  slates  were  affected  by  cleavage :  for 
these  dikes  are  never  continued  into  the  Wenlock  series ;  nor,  if  any 
dbturbance  in  the  rocks  which  the  dikes  traverse  can  be  traced  to 
the  proximity  of  these  dikes,  is  the  Wenlock  series  ever  affected  by 
that  disturbance ;  and  in  the  beds  which  are  broken  up  and  tossed 
about  by  the  eruption  of  these  greenstones,  the  cleavage  planes  pre- 
serve their  parallelism,  as  was  pointed  out  in  describing  the  purple 
slates  to  the  west  of  Snowdon.  Some  of  the  dikes  of  this  period 
have  thrown  the  strata  which  they  traverse  into  great  confusion ; 
and  this  is  especially  the  case  in  the  centre  and  to  the  west  of  the 
Snowdon  chain.  Those  on  the  east  of  that  chain  have  for  the  most 
part  the  appearance  of  interstratification  with  the  bedded  rocks.  It 
may  be  doubted,  however,  whether  they  are  ever  really  contempo- 
raneous with  the  beds.  On  the  surface  they  seem  to  dip  regularly 
between  the  beds  of  schist ;  but  when  laid  open  in  the  quarries  they 
are  found  to  swell  out,  and  to  thin  off  irregularly,  or  even  to  cut 
through  the  strata.  These  dikes  are  not  all  of  the  same  age,  but 
they  are  all  of  earlier  date  than  the  Wenlock  rocks*. 

Next  in  order  of  time  come  the  eruptive  porphyries  and  felspathie 
rocks  of  Cader  Idris,  Arran  Mowddy,  the  Arenigs,  and  the  igneous 
plateau  of  the  Ceiriog  described  by  Mr.  Bowman.  The  eruption  of 
these  masses,  while  elevating  the  rocks  in  their  neighbourhood  (in- 
cluding those  of  the  Wenlock  series),  has  broken  up  the  regularity 
of  the  planes  of  cleavage.  But  the  Ludlow  rocks  lie  undisturbed  in 
the  hollows  between  the  elevated  masses.  Thb  eruption  must  there- 
fore have  taken  place  after  the  deposition  of  the  Wenlock  series,  and 
prior  to  that  of  the  Ludlow  rocks ;  and  to  the  disturbing  forces  at 
work  in  this  interval  of  time  may  be  attributed  the  want  of  confor- 
mity between  the  Wenlock  and  the  Ludlow  formations,  which  is 

*  The  dikes  laid  down  on  the  accompanying  map  are  such  as  the  author  actn- 
ally  observed,  but  it  is  probable  that  there  are  many  more  which  are  still  to  be 
disoorered. 
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almost  general  in  North  Wales.  The  great  eruptive  masses  of  por- 
phyry  in  the  south-west  of  Carnarvonshire  are  probably  referable  to 
this  period,  for  they  never  fail  to  disturb  the  regularity  of  the  planes 
of  cleavage. 

The  greenstones  of  Rhiw,  Boduan,  Penllechog,  Sec,  in  the  south- 
west of  Carnarvonshire,  appear  to  be  nearly  of  the  same  age  with 
the  last-mentioned  felspar  rocks.  The  serpentine  of  Porth-din-llaen 
seems  to  be  of  more  modem  date  than  the  greenstone  in  its  neigh- 
bourhood. 

There  are  some  eruptive  rocks  of  less  extent  and  more  modem 
date  than  any  of  those  before  specified.  East  of  Bangor  is  a  mass  of 
trap  which  has  thrown  up  into  a  high  ridge  the  Ludlow  rocks  ;  and 
the  trap  dikes  on  the  shores  of  the  Menai,  described  by  Professor 
Henslow,  are  of  posterior  date  to  the  coal-measures. 

The  map  which  accompanies  the  memoir  has  been  compiled  from 
various  sources,  with  the  addition  or  the  author  s  own  observations. 
The  geographical  groundwork  is  copied  from  Mr.  Greenough's  Map 
of  England  and  Wales,  and  that  map  and  Sir  K.  I.  Murchison's  Map 
of  the  Silurian  district  have  been  freely  consulted ;  Mr.  A.  Aikin's 
*  Tour  in  North  Wales,'  and  his  description  of  Cader  Idris  in  our 
Transactions,  vol.  ii.  2nd  series,  p.  273,  supplied  some  points ;  but 
the  author  is  especially  desirous  of  recording  his  obligations  to  Mr. 
William  Bowman  for  the  loan  of  some  sheets  of  the  Ordnance  Maps, 
coloured  by  the  late  J.  E.  Bowman,  Esq.,  which  were  principally 
used  in  laying  down  the  boundaries  of  the  Upper  Silurian  deposits 
in  Denbighshire,  as  well  as  for  some  other  points.  But  the  author 
is  the  only  person  who  can  be  considered  responsible  for  any  part 
of  the  Map,  as  he  has  compiled  it  entirely  on  his  own  discretion. 
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DESCRIPTION  OF  THE  PLATES. 

Platb  XII. 

Map  q^NomTH  Walks  eohured  ffeoio^haify. 

In  this  map  letters  of  reference  hate  been  made  use  of  to  denote  the  diflSerent 
hnis  and  mountains.  The  following  explanation  Is  given  of  these  retoeiioet  ar- 
ranged according  to  counties. 


Carnarvonshule. 

«.  Penmaen  Mawr. 

w.  Glyder  Fawr. 

b,  Penmaen  Bach. 

•             0.  Snowdon. 

e.  Great  Orme's  Head. 

p.  ModCoch. 

tf.  Tai.y-fim. 

g,  Mynydd  Mawr. 

«.  YrArrig. 

n  Yr  Arren. 

/.  Crass. 

«.  Moel  Eilio. 

f  .  Gym  Goch. 

/.  Craig  Goch. 

*.  Pen  CasteU  Duon. 

«.  Bwlch  Mawr. 

i.  T  Glelflordd  Pawn-Ogder.             v.  RiTelU  or  Yr  Bills. 

J,  Benglog. 

w.  Cam  Boduan. 

Ik.  Camedd  Llewelyn. 

jr.  Cam  Fadrin. 

L  Glyder  Fach. 

y.  Rhiw. 

m.  Camedd  Ddafydd. 

z.  Pen-y-Bryn. 

Denbiohshuii. 

a.  Moel  Morfidd. 

n,  Llanellian  Mount. 

b.  Pentre  Bychan. 

0.  Cave  Iim. 

c.  Bryn  MalL 

p,  Bryn-y-Pin. 

d,  CasteU  Dinas  Bran. 

g,  Moel-Fre  Isa. 

e.  Cym-y-Brain. 

r.  Moel-Fre  Ucha. 

/.  Garth  Gynnau. 

8.  Moel  Fodian. 

/.  Mod  Tywysog. 

h.  Bron  Haulog. 

«.  Mod-y.Park. 

t.  Bron  Banog. 

r.  Craig  Arthur. 
w.  Mod  Arthur. 

j,  MoelCranaw. 

A,  Mod  Eithin. 

X,  ModFammau. 

L  Cader  Danad. 

y.  Mod  Enlfi. 

m,  Cader  Ddimcl. 

z.  Mod  Ciw,  Cefii  Cocfa. 

Flintshirb. 

a.  Gwannysgaer  Down. 

If.  Mod.y-Gaen. 

b,  Garreg  Mountain. 

c.  Pentre  Halkin. 

/.  Fron. 

Merionethshire. 

a.  Llether. 

n.  Pen-y-Cader. 

b.  Crib-y-Rhiwau. 

0.  Mynydd  Pen-y-Coed. 

c.  Craig-y-Cae. 

p,  Pen-y-Gara. 

d.  LUwllech. 

q,  Craig  Coch. 

e,  Rhinog  Fawr. 

r.  Tarren-y-Gessail. 

/.  Mocl-y-Crosau. 

*.  Pen-y-Graian. 

ff,  Moel  Llynf  Nant. 

/.  Mynydd  Dolgoed. 

A.  Arenig  Fawr. 

V.  Arran  Mowddy. 

1.  Arenig  Fach. 

tr.  Cader  Berwjn. 

k.  Moel-y-fau-v.llan. 

X.  Moel  Cerrig  Duon. 

/.  Rliobell  Fawr. 

y.  Bwlch-y-Cifno. 

lit.  Y-Ddualt. 

z,  ModFema. 
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Plate  XIII. 
Fo9iil  rtwudmt  qf  PrvmopODOUS  %BMiAMjrom  tki  North  Wekk  SUmiam  Modk9. 

Several  species  belonging  to  the  genus  CWtvIr  had  been  confoonded  with  the 
cenus  Orthoeeratiie$,  until  Prof.  E.  Forbes  pointed  out  their  true  character  x  these 
fossils  are  of  great  assistance  in  classifying  the  middle  part  of  the  Silurian  system  in 
North  Wales,  as  they  are  found  in  rocks  otherwise  nearly  bare  of  organic  remains. 
The  author  found  the  four  following  species  in  the  Wenlock  rocks  of  Denbighshire 
and  Merionethshire : — 

Creteii  primavat  E.  Forbes,  Quarterly  Geological  Journal,  toI.  L  p.  146. 
Plate  XIII.  fig.  2. — Sheath  long  and  regularly  tapering,  smooth,  with  one 
(or  more  ?)  longitudinal  grooves.  Length  two  to  eight  inches ;  width  of 
the  aperture  one-twelfth  of  the  length.  Very  common  in  the  Wenlock 
rocks  of  Denbighshire  and  Merionethshire. 

Creteii  ventrieota,  n.s.,  Plate  XIII.  fig.  3.~Sheath  straight  at  the  bade,  aUghtly 
ventricose  in  front,  tapering  to  a  point ;  nearly  smooth  with  faint  itoping 
lines  of  growth,  and  a  strong  longitudinal  furrow.  Length  two  and  a  hafi" 
inches ;  width  of  the  aperture  half  an  inch.  In  Wenlock  flagstone,  in  the 
Tyn-y-ffridd  quarry  between  Cerrig-y-Druidion  and  Ruthin. 

Creteit  obtuta,  Plate  XIII.  fig.  4. — Sheath  short  and  conical,  sides  slightly 
curved  towards  a  bluut  point,  smooth  ?  with  a  longitudinal  furrow.  Length 
two  inches ;  width  of  the  aperture  half  an  inch.  Very  common  in  the 
Wenlock  rocks  of  Denbighshire  and  Merionethshire. 

Creteii  graeitUma^  Plate  XIII.  fig<  5. — Sheath  very  long,  straight  and  slender, 
tapering  gently  to  a  point.  There  is  only  one  broken  specimen  of  this 
species,  four  inches  long,  one-eighth  of  an  inch  wide  at  the  upper  end.  In 
Wenlock  flagstone  in  lyn-y-flfridd  quarry  between  Cerrig-y-Druidion  and 
Ruthin. 

The  following  species  belonging  to  the  same  family  is  added  for  the  sake  of 
illustration,  although  found  in  another  district : — 

Tkeea  Forbe$U,  Plate  XIII.  fig.  1. — Sheath  nearly  flat  behind,  rounded  in  front, 
conical  and  tapering  to  a  point ;  aperture  an  obtuse-angled  triangle,  vrith 
the  angles  rounded  off;  surface  covered  with  flue  stris,  arched  parallel  to 
the  curved  edges  of  the  aperture.  Length  half  an  inch  to  one  inch ;  width 
at  the  aperture  one-third  of  its  length.  Common  in  the  middle  part  of  the 
Ludlow  rocks  at  Underbarrow  near  Kendal.  This  species  is  closely  allied 
to  T.  ianceolaia  of  Morris,  found  in  palaeozoic  rocks  in  New  South  Wales. 
a  and  b,  internal  casts ;  the  figure  above  a  is  a  section  to  show  the  form  of 
the  apcrturo ;  e  and  d,  exterior  of  the  sheath.  The  author  names  it  afler 
Professor  E.  Forbes,  who  first  pointed  out  the  class  of  animals  to  which 
these  fossils  belong. 
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On  ike  Gtoloffff  qfthe  Isle  or  Man.  By  the  Rev.  J.  G.  Cummivo, 
M.A.,  F.G.S.,  Vice-Principal  of  King  William's  College,  Isle  of 
Man. 

Plates  XIV.  to  XVII. 

Part  I. 
T!ie  PalcBOzoic  Rocks  of  the  Island, 

[Read  June  11th,  1845.] 

The  Geology  of  the  Isle  of  Man,  though  possessing  much  interest, 
has  hitherto  scarcely  met  with  the  consideration  which  it  really 
deserves. 

The  earliest  geological  notice  of  the  island  will  be  found  in  an 
account  by  Mr.  Wood,  published  in  1811;  and  this  was  succeeded 
by  a  memoir  in  the  First  Series  of  the  Transactions  of  the  Geolo- 
gical Society,  published  in  1814,  by  Dr.  Berger*.  Dr.  Berger's 
memoir  was  accompanied  by  a  geological  map  and  some  sections, 
and,  together  with  additional  remarks,  forming  a  kind  of  appendix, 
afterwards  published  by  Professor  Henslowf ,  it  forms  an  intereat- 
ing  and  valuable  record  of  what  was  then  known  of  the  district 

Dr.  MaccuUoch,  in  his  'Account  of  the  Western  Isles  of  Scotland' 
(vol.  ii.  p.  516),  published  in  1819,  described  (as  far  as  the  advance 
of  geological  science  would  then  permit)  the  different  characteristic 
formations. 

We  have  also  a  paper  by  Dr.  Hibbert,  "  on  the  Discovery  of  the 
Fossil  Elk  in  the  Isle  of  Man,"  written  for  the  fiflh  number  of  the 
'  Edinburgh  Journal  of  Science,'  in  1826. 

The  only  later  notice  seems  to  have  been  the  interesting  paper  on 
the  Pleistocene  deposits  in  the  neighbourhood  of  Ramsey,  by  Hugh 
Strickland,  Esq.,  F.G.S.,  read  before  the  Geological  Society  in 
November  18431. 

A  mere  glance  at  the  geological  map  of  the  island  will  show  the 
reason  of  this  neglect,  for  it  will  at  once  be  seen  that  about  three- 
fourths  of  the  whole  surface  exhibited  at  high  water  consists  for  the 
most  part  of  grauwacke  and  clay  schist,  while  almost  the  whole  of 
the  remaining  part  is  covered  by  diluvium  beds  of  drift  and  plei- 
stocene sand,  and  by  turf-bogs. 

The  first  appearance  of  the  island,  therefore,  to  the  geological 
student,  is  extremely  unpromising ;  and  even  if  his  attention  should 
be  especially  directed  to  the  two  localities  of  Peel  and  Castletown 
(the  only  exception  to  the  apparently  unattractive  sameness)  by  the 
patches  of  red  and  blue  colour  upon  the  geological  map,  represent- 
ing the  old  red  sandstone  and  carboniferous  limestone,  the  apparent 

*  Minemlogical  Account  of  tlie  Isle  of  Man,  by  J.  F.  Berger,  M.D.,  Geol.  Trans. 
Ist  ser.  ToL  ii.  p.  29. 

t  Loe.  eii.,  1st  ser.  vol.  v.  p.  482  ei  »eq, 

X  Proceedings  of  the  GeoL  Soc.  vol.  iv.  p.  8. 
VOL,  II. — PART  I.  Y 
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want  of  any  mutual  relation,  or  of  any  connexion  with  any  other 
earlier  or  later  palaeozoic  formation,  would  lead  to  the  conclusion 
that  as  a  geologist  he  might  be  more  profitably  employed  elsewhere, 
while  the  collector  of  fossils  would  almost  immediately  fix  upon  the 
limestone  of  Poolvash  as  the  only  spot  likely  to  aiibrd  any  valuable 
addition  to  his  cabinet  This,  in  fact,  has  been  the  case ;  and,  from 
the  circumstance  of  the  Poolvash  locality  being  rich  in  fossils*,  and 
these  fossils  coinciding  for  the  most  part  with  those  of  the  lower 
Scar  limestone  of  Yorkshire,  it  has  been  at  once  assumed  that  the 
carboniferous  series  of  the  Isle  of  Man  was  referable  to  the  same 
geological  position. 

The  object  of  the  present  communication  is  partly  to  correct  so 
erroneous  an  impression,  by  showing  that  there  is  in  the  island  the 
BOBt  distinct  and  perfect  sequence  from  the  carboniferous  strata  into 
the  old  red  sandstone  to  be  met  with  in  British  Geology,  and  partly 
to  trace  out  the  various  circumstances  connected  with  the  deposition 
of  the  different  palaeozoic  formations,  especially  in  reference  to  mo« 
difications  produced  upon  them  by  intermitted  igneous  agency. 

The  mere  statement  of  the  fact  of  a  very  extensive  developmeDt 
of  thb  agency  in  the  south-eastern  basin  of  the  island  leads  us  to 
expect  ditficulties  in  the  way  of  a  correct  geological  history  of  that 
district,  and  the  difficulties  are  further  increased  by  the  circumstance 
that  the  altereil,  disturbed,  broken,  and  subsequently  denuded  beds 
are  almost  entirely  covered  up  by  the  boulder  clay,  gravel  and  sand 
apparently  of  a  very  recent  geological  period. 

A  residence  on  the  spot  for  nearly  four  years  has  enabled  me,  by 
carefully  observing,  comparing  and  connecting  the  different  pbseno- 
mena  presented  at  those  points  which  are  most  exposed,  an  well  as 
by  an  examination  and  comparison  of  the  fossils,  to  present  the  fol- 
lowing account  with  a  reasonable  conviction  of  its  offering  at  least 
an  approximation  to  the  truth. 

To  a  person  approaching  it  from  the  south,  the  Isle  of  Man  pre- 
■ents  the  appearance  of  a  broken,  mountainous  ridge,  extendiiig 
from  the  Calf  of  Man  to  Maughold  Head  near  Ramsey,  of  which 
Ike  highest  points  are  Snaefell,  in  the  north  (2004>  feet),  and  in  the 
•otttli,  South  Barrule  (1545  feet).  Except  from  the  Calf  of  Man 
to  Port-le- Murray,  the  descent  on  the  south-eastern  side  to  the  coaal 
k  gradual,  but  the  coast  itself  is  broken  aini  precipitous  wherever 
the  schists  are  exposed,  and  the  cliffs  in  some  place:»  rise  to  tke 
height  of  300  feet.  Douglas  Bay  and  the  limestone  district  ni  the 
neighbourhood  of  Castletown  exhibit  different  geological  and  phy- 
•ieal  conditions. 

On  the  western  side  of  the  island,  the  descent  from  the  momitain 
ridge  is  generally  very  rapid  from  the  Calf  of  Man  to  Dalby  Pointy 
and  excepting  the  inlet  of  Port  Erin  and  Fleswick  Bay,  the  whole 
may  be  regarded  as  a  continuous  precipice  from  400  to  1000  feet  in 
height. 

From  Dalby  to  Kirk  Michael  the  coast  corresponds  with  that  on 

•  Mr.  Gilbertson  once  observed  to  me  that  it  wis  by  far  the  most  prodncliTe 
place  he  had  ever  seen. 
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the  south-eastern  side  of  the  island,  and  thence  round  by  Jurbj  and 
Point-of-Ayre  to  Ramsey,  there  extends  a  wide  expanse  of  fifty  square 
miles  of  Pleistocene  deposits,  presenting  cliffs  both  in  the  eastern 
and  western  sides  of  the  island,  whose  height  is  from  50  to  200  feet, 
and  which  are  subject  to  very  rapid  encroachments  from  the  rake 
of  the  tide,  which  sweeps  up  and  down  the  channel. 

The  northern  shore,  in  the  neighbourhood  of  Kirk-Bride,  is  low 
and  flat,  and  is  very  rapidly  extending. 

A  ridge  of  sand  hills  occupies  a  line  running  from  Blue  Head 
to  about  four  miles  north  of  Ramsey,  between  which  and  the 
mountain-chain  lies  the  swampy  plain  of  the  Curragh,  once  occu- 
pied by  a  number  of  small  lakes,  which  have  been  gradually  filled 
up  or  drained,  but  which  were  laid  down  in  Chaloner's  Map  of 
the  Isle  of  Man,  published  in  1656.  The  mountain-chain  of  the 
schists  along  its  northern  boundary  sinks  as  precipitately  into  the 
Curragh  as  it  does  into  the  sea  at  the  south-western  extremity  of 
tlie  island.  With  respect  to  the  general  arrangement  of  these  schistis 
they  dip  off  S.E.  by  S.  and  N.W.  by  N.  from  the  before-mentioned 
ridge.  A  close  examination  shows  that  they  mantle  round  a  series 
of  nuclei  forming  a  rather  irregular  curved  line  from  the  Calf  to 
Maughold  Head*. 

There  is  good  reason  for  believing  that  these  nuclei  may  be 
granitic  bosses ;  and  in  two  cases  there  is  no  doubt  of  it,  the  granite 
itself  appearing  at  the  surface  in  a  characteristic  dome-shape.  The 
first  of  these  occurs  in  the  neighbourhood  of  Laxey,  near  the  head 
of  the  Dhoon  river;  and  the  second  is  on  a  grander  scale  oo  the 
south-eastern  side  of  South  Barrule,  where  it  has  also  protruded 
itself  into  the  schist,  having  been  reached  in  the  workings  of  the  Fox- 
dale  minet-  Of  the  probable  age  of  these  granitic  domes  I  shaH 
have  hereafter  to  speak,  and  at  present  I  would  only  mention  that 
they  do  not  appear  to  have  been  older  at  any  rate  than  the  car- 
boniferous limestone.  The  boulders  of  the  Barrule  granitic  boas 
occar  in  the  tertiary  formations  of  the  south  of  the  island,  but  I 
have  not  as  yet  seen  any  indications  of  them  in  the  Old  red  coin 
glomerate. 

Along  the  moantain-cbain  in  various  places  we  meet  with  gneisB 
and  other  metamorphie  rock,  greenstone,  and  massive  qoartz-rock, 
with  abundance  of  mica.  And  generally  reposing  upon  these, 
though  occasionally  interstratified,  we  have  the  series  of  clay  schists 
with  interposed  beds  of  grauwacke,  which  constitute  the  body  of 
the  island. 

These  schists  are  highly  ferruginous,  and  in  lithological  character 
somewhat  softer  than  the  generality  of  the  rocks  of  the  Snowdonian 
range :  I  have  anxiously  sought  for  fossils  to  determine  their  age, 

*  SUeudhoo,  Sartel,  Rock  Mount  and  Contrary  Head  may  perhaps  be  regarded 
as  prominent  points  of  a  secondary  ridge  on  the  north-western  side,  in  which  por- 
phyritic  greenstone  is  developed  at  Rock  Mount  and  Cronck-y-Voddy. 

t  See  Section  across  the  island,  PI.  XIV.  It  is  worthy  of  notice  that  both  hi 
this  case  and  at  Laxey  the  intrusion  of  granite  has  improved  the  produce  of  the 
mine. 

y2 
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but  hitherto  without  success ;  the  only  indication  of  organic  exki- 
enoe  consisting  of  the  fucoids  which  occur  in  some  of  the  upper 
beds. 

I  have  seen  nothing  in  any  of  these  schists  which  I  could  recog- 
nize as  true  slate,  or  as  exhibiting  cleavage  distinct  from  stratifica- 
tion, the  stratification  seeming  pretty  clear,  as  well  from  the  evidence 
of  the  fucoids  as  from  ripple-marks  and  various  coloured  layers.  I 
have  observed  at  the  nortJiern  extremity  of  Langness,  in  some  parti- 
cular lights,  an  appearance  which  is  not  unlike  a  contorted  bedding, 
in  a  direction  entirely  differing  from  the  fissile  planes  of  the  schists 
at  this  point ;  yet  it  is  iierc  that  the  fucoids  are  most  abundant, 
and  they  lie  in  the  plane  of  cleavage.  All  the  schists  are  greatly 
traversed  with  joints,  and  there  is  a  general  tendency  to  an  imper- 
fect rhomboidal  structure,  especially  in  the  neighbourhood  of  the 
greenstones. 

The  schists  immediately  under  the  Old  red  conglomerate  are 
deeply  claret-coloured,  and  at  the  southern  extremity  of  Langness 
contain  as  much  as  fifteen  per  cent  of  pure  iron. 

At  Spanish  Head  there  is  a  series  of  light  blue  beds,  which  at  a 
distance  may  be  mistaken  for  limestone.  This  rock  is  used  largely 
for  lintels  and  gate-posts,  and  is  slightly  elastic.  It  appears  to  be 
nearly  horizontal,  but  has  been  rent  into  deep  chasms  in  conse- 
quence of  a  land- slip. 

Between  the  schists  and  the  Old  red  conglomerate  there  are  no 
formations  visible ;  and  wo  have  several  sections  both  on  the  north- 
west and  south-east  sides  of  the  island  where  the  unconformity  of 
the  Old  red  sandstone  to  the  schists  is  clearly  exhibited.  Perhaps 
the  most  beautiful  is  that  on  the  eastern  side  of  Castletown  Bay  in 
the  Peninsula  of  Langness,  where  the  conglomerate  forms  the  crown 
of  a  fine  natural  arch,  and  the  unconformable  claret-coloured  schists 
(the  layers  of  which  are  distinct  and  variegated)  form  the  abut- 
ments. 

The  Old  red  sandstone  appears  in  two  districts ;  first,  on  the  north- 
western side  of  the  mountainous  chain  in  the  neighbourhood  of  Peel, 
where  it  is  of  moderate  thickness  (not  more  than  300  feet),  and  co- 
vers from  one  to  two  square  miles*.  It  is  here  in  the  character  of 
a  fine  sandstone,  used  extensively  for  building  purposes,  flags  and 
tombstones.  Its  dip  is  north-west  and  at  a  high  angle.  The  same 
rock  appears  again  in  the  south  of  the  island  in  the  neighbourhood 
of  Castletown,  where  it  lines  the  whole  of  the  limestone  basin,  and 
may  be  observed  at  the  basset  edge,  almost  continuously  from  the 
southern  extremity  of  Langness,  in  a  curved  line  by  Ronaldsway, 
Coshnahawin  (at  the  Santon  river  mouth),  Ballasalla,  Ballahot, 
buried  under  diluvio-glacial  and  pleistocene  deposits  in  the  neigh- 
bourhood of  Ballahick  and  Arbory,  and  overlapped  by  the  limo- 
fttone  at  Port-le-Murray.  In  this  southern  basin  tJie  Old  red  exhibits 
for  the  most  part  the  character  of  a  conglomerate,  and  in  no  place 
where  it  can  be  observed  is  it  more  than  fifty  feet  in  thickness, 
being  often  not  more  than  four  or  five  feet,  and  giving  plain  indi- 
*  The  greater  portion  is  covered  up  hy  tlic  tertiary  clays  and  gr«fela^    ' 
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eation  o^  the  aDcient  shore.  I  have  not  as  yet  succeeded  in  obtain- 
ing any  fossils  from  the  Old  red  sandstone  of  any  portion  of  the 
inland.  As  far  as  I  have  observed,  there  does  not  appear  to  have 
been  any  disturbance  of  the  Old  red  sandstone  prior  to  the  depo- 
sition of  the  overlying  limestone. 

The  overlying  limestone  is  dways  conformable  to  the  subjacent 
conglomerate;  and  indeed  the  passage  of  the  latter  into  the  former 
is  often  so  regular,  that  it  is  difficult  for  a  few  feet  to  say  to  which 
formations  the  beds  belong.  There  appears  to  be  a  gradual  abstrac- 
tion of  the  larger  quartz  pebbles  and  we  obtain  a  brown  arenaceous 
and  pebbly  limestone  for  a  few  feet  containing  organic  remains; 
these  beds  soon  pass  into  the  regular  series  of  dark  limestone  and 
shales,  to  which  I  am  more  particularly  anxious  to  direct  attention. 

The  small  patch  of  limestone  which  once  existed  to  the  north  of 
Peel  on  the  surface  of  the  Old  red  sandstone  as  it  dips  rapidly 
seaward,  has  some  time  since  been  wrought  out,  and  it  is  difficult 
now  to  determine  absolutely  whether  it  belonged  to  the  mountain 
limestone,  or  was  merely  a  thin  band  of  cornstone ;  but  there  are 
strong  indications  of  the  mountain  limestone  existing  not  far  out  at 
sea,  as  the  shore  to  the  north  abounds  with  boulders  not  much 
rounded,  and  with  pebbles  containing  fossils  similar  to  those  of  the 
southern  limestone  basin  of  the  island. 

I  have  before  observed,  that  the  limestone  of  the  south  of  the 
island  has  generally  been  regarded  as  of  the  same  age  as  the  lower 
Scar  limestone  of  Yorkshire.  It  will  however  I  think  become  a 
question  whether  the  greater  portion  should  not  be  considered  as  of 
a  more  ancient  date,  and  whether,  if  not  merging  into  the  Devonian 
period,  it  is  not  at  least  of  the  same  antiquity  as  the  lowest  Northum- 
berland shales  and  the  oldest  carboniferous  beds  of  the  south  of  Ire- 
land. 

As  the  different  beds  of  limestone  crop  out  very  regularly  on  all 
sides  of  this  southern  basin,  the  order  of  succession  in  the  lower  por- 
tk>D  is  made  out  without  difficulty,  especially  as  each  bed  has  some 
eharacteristic  fossil.  Thus  we  find  in  the  lower  beds,  and  within  a 
few  feet  of  the  old  red  conglomerate,  Cirrus  rotundatusy  BeUerophon 
aperiutt  Creseis  Forbeniy  Productus  hemispfusricuSi  Orthis  Sharpei 
(the  O.  ttmbraculum  of  Portlock's  Survey),  a  species  of  Posidonia^ 
CycUhophyllum  megastomaj  Calamopora  ramosa,  and  Phillipsia 
Kelli  (of  Portlock*s  Survey).  Above  these  are  very  large  specimens 
of  Turbinolia  Jutigites,  and  a  large  coral  apparently  very  similar,  but 
recognised  by  Count  Keyserling  as  Caninia  gigantea  of  Michelin. 
We  have  also  the  Lepttsna  papilianncea,  and  lastly,  amidst  a  great 
dearth  of  organic  remains,  the  few  specimens  of  Goniatiies  Henslowi 
and  NatUilus  complaiuUus  which  have  hitherto  been  discovered. 
By  the  assistance  of  a  fault  in  the  centre  of  the  basin  we  can  arrive 
at  a  fair  estimate  of  the  general  thickness  of  this  lower  series  of 
dark  limestone  and  shales,  which  does  not  thus  appear  to  be  more 
than  160  feet  at  the  deepest  accessible  part.  The  passage  however 
from  these  beds  into  the  superior  light-coloured  and  highly  fossili- 
ferous  limestones  of  Poolvash  is  not  very  distinct,  the  basset  edge 
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of  the  junctioD  being  either  covered  up  by .  the  boulder  clay  and 
pleistocene  depot^its,  or  where  uncovered  on  the  sea-shore,  so  greatly 
changed  by  igneous  action  as  to  have  lost  entirely  the  distinctive 
characters  of  the  two  series.  The  best  place  for  tracing  the  connex- 
ion seems  to  be  at  the  edge  of  the  fault  at  Poolvash,  about  300 
yards  westward  of  the  road  running  from  Balladoole  to  the  sea- 
shore, where  some  dark  beds,  which  look  like  tiie  commencement  of 
the  lower  limestone,  are  brought  up ;  but  as  not  more  than  four  or 
five  feet  appear,  the  few  fossils  contained  in  them  are  hardly  suffi- 
cient to  establish  their  identity.  There  can  however  be  little  doubt 
that  a  great  and  almost  sudden  change  took  place  in  the  physical 
condition  of  the  basin  in  the  midst  of  the  period  of  the  deposition 
of  the  limestone  strata,  almost  every  species  of  mountain  limestone 
fossils  being  crowded  within  a  thickness  of  not  more  than  sixty  feet 
of  limestone,  and  in  an  area  of  scarcely  a  mile  across.  Even  here 
however  we  may  remark,  that  the  various  beds  of  the  series  have 
individually  their  own  more  characteristic  fossils.  Thus  I  have 
found  Nautilus  oxy$toma  in  the  lower  Poolvash  beds  alone,  and  the 
same  species  (but  of  much  larger  size)  in  the  lowest  dark  limestone 
of  Ballahot  The  beds  next  above  seem  cliaracterized  by  a  Natica 
and  by  Cyatliophyllum  hasaUiforme,  In  the  next  we  have  Orthis 
resupiftaia  and  Goniatites  crenistrioy  extremely  common ;  and  later 
still,  Nautilus  sukatus.  Some  of  these  fossils  range  more  or  less 
through  the  whole  series.  The  Orthoceratites  in  general  are  more 
common  in  the  middle  period,  and  so  also  is  Terebratula  ejscavata. 
Somewhat  earlier  we  have  Producta  anomala^  and  a  little  Crustacean, 
named  by  De  Koninck  Cytherina  Phillipsianay  pervades  both  Uie 
earlier  and  middle  beds.  In  the  upper  portion  the  larger  corab 
disappear  and  give  place  to  Fenestella,  while  in  that  part  even  the 
Encrinites  are  not  abundant  in  proportion  to  other  fossils. 

Another  sudden  change  however  seems  to  have  taken  place  in  the 
physical  condition  of  the  basin  in  the  midst  of  the  early  carboniferous 
period.  A  violent  convubion  running  along  an  axis  from  the  Stack 
of  Scarlet,  in  a  direction  nearly  N.W.  by  W.  (sec  Map,  Fl.  XV.),  would 
appear  to  have  produced  an  extensive  crack  or  chasm  in  that  direc- 
tion, accompanied  by  an  eruption  of  trappean  matter  and  producing 
a  breaking-up  of  the  strata  into  a  series  of  troughs,  causing  at  the 
same  time  a  general  elevation  of  the  limestone  basin.  In  the  troughs 
thus  formed  a  highly  interesting  series  of  deposits  then  took  place. 
It  would  seem  that  from  this  period  there  existed  for  a  long  time  a 
subaqueous  volcano,  acting  witli  more  or  less  intensity,  at  no  great 
distance  from  this  basin,  and  probably  connected  also  with  the  before- 
mentioned  crack  or  chasm.  By  this  means  the  basin  was  constantly 
being  filled  up  with  a  scries  of  volcanic  products,  consisting  chieHy  of 
volcanic  ashes  forming  a  tufi'.  But  a  deposition  of  limestone  beds 
and  shales,  similar  in  their  general  character  to  the  earlier  beds  of  the 
basin,  was  going  on  at  the  same  time ;  and  these  deposits  became 
more  or  less  mixed  with  volcanic  strata,  thus  forming  trappacean 
limestones  and  shales,  the  proportion  of  the  rcs|)ective  ingredients 
depending  in  great  part  upon  the  relative  distance  of  their  respective 
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sources  and  the  intensity  of  the  volcanic  action.  Occasionally  there 
seem  to  have  been  periods  of  quiescence,  allowing  larger  depositions 
of  limestones  unmixed  with  volcanic  tuff.  One  of  the  beds  so 
formed  is  interesting,  as  having  supplied  the  material  for  the  steps 
of  St.  Paul's  Cathedral,  presented  by  Bishop  Wilson.  It  is  a  schist 
or  plate,  in  some  places  ten  feet  thick,  in  others  not  so  many  inches. 
It  is  characterized  bv  an  abundance  of  very  beautiful  and  perfect 
Posidoniae,  by  several  cephalopodous  shells,  not  occurring  elsewhere 
in  the  basin,  and  in  one  place  by  several  varieties  of  Ferns,  the 
nearest  approach  here  to  the  coal-measures.  All  the  shales  abound 
in  iron  pyrites ;  and  in  one  spot  we  find,  a  little  to  the  east  of  a 
stream  running  from  Balladoole  into  the  sea,  and  parallel  with  a 
trap-dike,  several  extremely  beautiful  fossib  of  this  material,  con- 
sisting mostly  of  GoniatUes  and  OrlhocenUites,  I  have  fossils  also 
from  the  trap-tuff. 

After  the  deposition  of  a  considerable  portion  of  these  trappa- 
cean  limestones  and  shale  beds  and  a  large  accumulation  of  trap- 
tuff  upon  them,  a  second  violent  convulsion  along  the  same  axis  as 
before  seems  to  have  taken  place,  accompanied  by  a  dischai^e  of 
heated  gaseous  vapours.  The  beds  formed  during  the  previous  erup- 
tions were  broken  up,  and  fragments  of  trappacean  limestone  and 
shale  rolled  along  and  mixed  in  indiscriminate  confusion,  the  con- 
sequence being  a  kind  of  trap-breccia  enveloping  the  broken  strata* 
The  trappacean  limestone  boulders  are  metamorphic  and  amygda- 
loidal,  and  the  shale  lias  become  cherty.  In  some  places,  where  the 
igneous  action  may  have  been  more  intense,  the  mass  in  cooling  has 
assumed  a  cr}'staliinc  character,  well  exhibited  at  the  Stack  of  Scarlet, 
where  the  trap  has  become  columnar  basalt,  and  the  adjoining  lime- 
stones have  a  similar  disposition  to  columnar  structure.  There 
seems  afterwards  to  have  been  a  continuation  of  the  tufaceous  de- 
posits, but  for  how  long  is  altogether  uncertain,  as  there  are  no  car- 
boniferous or  secondary  strata  which  can  be  determined  above 
them.  They  are  however  all  intersected  by  the  more  modern  trap- 
dikes  which  stretch  in  numerous  places  across  the  area  of  the  basin. 

The  date  of  the  eruption  of  these  dikes  may  range  through  the 
whole  interval  betwixt  the  carboniferous  and  tertiary  periods,  as  they 
are  only  covered  up  by  the  boulder  clay  and  pleistocene  deposits, 
which  occupy  the  greater  portion  of  the  area  where  they  occur.  Oa 
this  account  the  tracing  the  same  dike  continuously  for  any  distance 
with  certainty  is  impracticable,  and  our  observations  must  be  made 
betwixt  the  high  and  lower  water  marks,  and  the  lines  filled  up  by 
conjecture.  The  task  would  not  indeed  be  very  difficult  did  the 
dikes  preserve  in  general  their  direction  and  appearance ;  but  they 
are  frequently  curved,  sometimes  branching  and  thinning  out,  and 
ultimately  disappearing,  especially  where  they  happen  to  intersect 
the  Old  red  conglomerate.  An  extremely  interesting  section  of  this 
kind  is  laid  bare  on  the  western  shore  of  Langness,  and  is  figured 
in  the  accompanying  woodcut. 

These  diikes  Imve  more  or  less  altered  the  intersected  beds ;  and 
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Ground  plm  of  a  Dike  on  tha  N.W.  than  of  Lanosssi. 
Scale  80  yard*  to  1  inch. 


Note. — The  shaded  ports  are  Old  red  sandstone. 

they  vary  also  themselves  in  general  character  according  to  the  na- 
ture of  the  strata  with  which  they  are  in  contact.  We  have  also 
extensive  traces  of  igneous  action  where  the  trap  itself  is  not  imme- 
diately developed,  and  this  is  particularly  the  case  along  axes  of 
elevation  and  lines  of  fault.  Ail  these  appearances  may  perhaps 
suggest  the  idea  of  heated  gases  charged  with  acids  escaping 
through  the  cracks  formed  during  some  of  the  periods  of  convul- 
sion. But  I  would  observe,  that  in  several  instances  the  crystalline 
character  of  the  limestone,  and  its  tendency  to  break  up  into  regu- 
lar geometrical  figures,  are  distinctly  attributable  to  the  continued 
HCtion  of  the  cooling  of  a  fluid  mass  of  trap,  forced  in  between  the 
Old  red  conglomerate  and  the  limestone,  or  rather,  perhaps,  forced 
in  under  great  pressure  amongst  the  looser  and  separable  beds  of  the 
conglomerate.  We  may  almost  suppose  that  the  entire  district  must 
have  been  floating  upon  a  molten  sea  of  igneous  rocks,  subject  to 
many  convulsions,  frequently  exerting  an  upward  pressure  at  inaoy 
points,  but  at  the  same  time  held  down  by  a  tough  mass  of  lime- 
stone resting  upon  moveable  and  permeable  beds  of  conglomerate 
of  very  moderate  thickness.  A  reference  to  the  Map  denuded  of  the 
tertiary  deposits  will  show  that  it  is  crossed  by  a  series  of  undula- 
tions and  studded  with  bosses  (see  Map,  PL  XV.). 

As  the  general  strike  of  the  more  important  of  these  undulations 
is  nearly  coincident  with  that  of  the  great  mountain-chain  of  the 
island,  which  is  about  80^  west  of  magnetic  south,  it  appeared  to  me 
at  one  time  that  they  nmst  have  been  produced  by  lateral  pressure 
at  the  time  of  the  elevation  of  the  central  axis  of  the  island,  and  that 
the  bosses  were  caused  by  the  intersection  of  the  more  prominent 
■  cross-undulations  created  at  the  same  time  as  the  axis  of  disturb- 
ance which  runs  from  Ballasalla  about  10^  west  of  magnetic  north. 
And  this  solution  may  perhaps  hold  good  in  whole  or  in  part,  so  far 
as  the  main  features  of  the  district  are  concerned ;  but  my  attention 
•  having  been  especially  directed  to  the  examination  of  the  very  «in- 

Sdar  bosses  at  Skillicore,  between  Uonaldsway  and  Cosbnahawin 
ead  (Plate  XVL),  and  another  series  at  Poolvash,  I  am  rather  in- 
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clined  to  believe  that  the  former  intrusion  of  trap  amongst  tlie  Old 
red  conglomerate  exerted  an  upw^ard  pressure  at  various  points. 
It  will  be  seen  that  both  these  series  are  in  the  immediate  neigh- 
bourhood of  trap-diket»  the  latter  being  included  between  two 
dikes  not  more  than  thirty  feet  apart  and  parallel  to  one  another, 
while  the  former  is  actually  cut  through  by  a  dike  which  ramifies 
just  at  the  summit  of  the  boss.  The  direct  evidence  however  of 
tabular  masses  of  trap  underlying  altered  limestone  bosses  has 
only  very  lately  been  afforded  me.  It  is  exhibited  just  above  low- 
water  mark  on  the  shore  betwixt  the  north  end  of  Derby  Haven 
Pier  and  the  little  bay  of  Ronaldsway ;  and  it  may  be  best  seen 
about  fifty  yards  to  the  east  of  a  limekiln  formerly  used  near  that 
spot.  And  as  we  have  an  anticlinal  axis  or  saddle  running  from  this 
very  spot  through  the  Skillicore  bosses  to  the  great  fault  at  Coshna- 
hawin,  the  chain  of  evidence  appears  to  be  complete  as  to  the  origin 
of  the  bosses  in  question. 

I  now  proceed  to  describe  seiriatim  those  points  of  interest  and 
importance  in  the  southern  basin  which  may  best  lead  to  accurate 
conclusions  respecting  its  geological  history. 

Starting  from  the  south-western  point  of  Langness,  we  find  our- 
selves upon  the  schists,  whose  general  strike  runs  a  few  degrees  north 
of  east  (magnetic).  A  dike  of  greenstone  is  here  seen  at  first  running 
along  the  northern  edge  of  the  ridge,  and  nearly  in  the  same  direction; 
and  six  yards  further  to  the  north  there  is  a  second  dike  parallel  to 
the  former.  The  schist  is  contorted,  and  thrown  into  a  synclinal 
axis  in  the  intermediate  space.  These  greenstone  dikes  run  into 
the  sea  in  a  direction  north-east  by  east ;  and  J  believe  that  one  of 
them,  or  perhaps  the  two  united,  reappear  on  the  top  of  the  hill  200 
yards  to  the  north  of  the  land-mark.  At  this  point,  at  any  rate,  we 
find  a  corresponding  dike  running  into  the  sea  on  the  south-eastern 
side  of  Langness.  The  whole  promontory  of  Langness  is  rent  by 
a  series  of  chasms  parallel  to  each  other,  and  having  a  north-east 
direction.  A  mass  of  greenstone  is  also  seen,  which  seems  to  form 
the  nucleus  or  support  of  the  ridge,  and  this  is  connected  with  the 
first  of  these  chasms,  commencing  at  the  extremity  of  the  promon- 
tory (see  Map,  PI.  XV.). 

The  second  chasm  exhibits  a  trap-dike  running  across  the  ridge, 
and  intersecting  the  former  greenstone  dike  at  an  angle  of  50°.  I 
consider  this  trap  as  newer  than  the  greenstone ;  and  the  difierence 
between  them,  both  here  and  elsewhere,  is  easily  traceable,  the 
former  (greenstone)  being  of  a  lighter  colour,  extremely  hard,  not^ 
so  readily  weathering,  and  prismatic  in  structure ;  the  trap,  on  the* 
other  hand  (corresponding  with  the  Derbyshire  toadstone),  containing 
a  larger  proportion  of  iron,  easily  weathering,  often  rotten,  becoming 
converteid  into  clay  exhibiting  columnar  structure,  and  ultimately 
breaking  up  into  spherical  masses.  The  former  would  appear  more 
nearly  allied  to  the  granitic,  and  the  latter  to  the  basaltic  family  of 
plutonic  rocks ;  and  we  may  imagine  the  greenstone  to  have  been 
thrust  up  in  a  solid  state,  contorting  the  strata  but  not  altering 
them,  and  occasionally  running  so  constantly  along  the  line  of  strike 
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am  to  appear  like  a  contemporaneous  formation  poured  forth  upon 
the  sea- bottom  at  the  time  of  the  deposition  of  the  schists,  while  the 
trap  was  erupted  in  a  more  fluid  state  and  under  great  pressure,  and 
mixed  with  the  limestone  formations  of  the  same  basin,  having  in- 
sinuated itself,  like  a  fine  mud,  into  very  small  crevices  in  the  lime- 
stone, adapting  itself  to  the  crevices  between  boulders  of  the  Old 
red  conglomerate,  and  having  often  greatly  altered  all  the  bedsy 
including  the  schists.  Though  there  are  many  spots  where  the  green- 
stone and  trap  must  intersect,  these  are  always  either  covered  up  with 
reeent  deposits,  or  too  much  confused  to  be  readily  made  out.  The 
intersection  at  this  extremity  of  Languess  is  the  best  developed, 
and  even  here  they  are  so  much  buried  in  sand,  that  it  becomes 
doubtful  whether  they  cross  or  merge  into  each  other. 

Proceeding  onwards,  we  meet  with  the  drift  capping  the  highest 
portion  of  tlie  ridge ;  and  as  wc  proceed  more  to  the  east,  it  forms  an 
extended  platform  at  the  height  of  thirty  feet  above  the  sea.  At 
the  bend  or  hollow  of  the  promontory  we  find  under  the  drift  the 
Old  red  conglomerate,  which  lies  in  a  depression  of  the  schist,  but 
dips  north  on  the  north  side  of  the  ridge,  and  south  on  the  south 
side,  thus  giving  evidence  that  the  slight  elevation  of  these  schists 
along  the  line  running  nearly  east  and  west  is  of  a  more  recent  date 
than  the  formation  of  the  conglomerate  and  the  older  dark  limestone. 
My  present  impression  is,  that  this  elevation  cannot  be  looked  upon 
as  older  than  that  convulsion  of  the  Stack  of  Scarlet  in  a  north- 
western direction  which  contorted  all  the  beds  prior  to  the  last 
eruption  of  trap-tuff,  as  I  think  that  otherwise  this  ridge  would  have 
formed  a  basin  to  the  north  of  which  we  should  have  some  indica- 
tion in  the  thinning  out  of  the  limestone.  Hut  so  far  from  this 
being  the  case,  the  different  beds  of  limestone  at  the  Stack  on  the  op- 
posite side  of  Castletown  Bay  are  the  thickest  anywhere  developed. 

As  we  pass  up  the  north-western  side  of  Langness,  we  still  keep 
on  the  Old  red  conglomerate,  which  here  attains  the  greatest  thick- 
neM  noticed  in  the  basin.  The  base  of  it  appears  resting  on  the 
•ohut  at  the  water-worn  caves  and  excavations,  and  the  uppermost 
beds  of  it  can  be  readily  traced  down  as  they  pass  under  the  neigh- 
bouring lim&<<tone. 

A  remarkable  fault  or  line  of  disturbance,  which  runs  from  the 
southern  extremity  of  Langness  through  Derby  Haven,  Ronalda- 
way,  Coshnahawin,  and  up  the  Santon  river,  begins  to  show  itself 
near  the  caves  just  alluded  to.  At  this  point  the  Old  red  sand- 
stone, dipping  at  an  angle  of  5°  in  a  direction  N.  65°  W.  mag.,  is 
suddenly  broken  off  on  the  south-western  side  by  the  upheaval  of 
the  promontory  of  Langness:  the  broken  and  upheaved  beds  of  the 
Old  red  sandstone  and  limestone,  which  were  once  continuous  orer 
Langness,  have  sinoe  sufiered  entire  denudation,  most  likely  from 
the  north-east,  the  remaining  beds  lying  in  hollows  on  the  south- 
weatem  side,  protected  by  the  ridge  of  schists  from  any  action  upon 
them  to  the  north-east. 

At  the  same  caves  we  find  a  dike  of  amygdaloidal  trap  running 
7(f  west  of  magnetic  souths  which  cuts  through  the  Old  red  conglo* 
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merateg,  and  probably  abo  through  the  limestone  series  (see  Map, 
I'L  XV.).  This  dike  seems  to  have  been  affected  by  the  dislocation 
before  noticed.  A  series  of  parallel  dikes  occurs,  penetrating  the 
schist  a  little  further  to  the  north,  generally  conforming  to  the  strike 
of  the  schist,  and  not  intersectiDg  the  Old  red  conglomerate.  Those 
might  be  taken  for  grauwacke  beds  in  the  plane  of  the  schists,  but  the 
wail  of  one  of  them  is  very  well  exhibited,  and  shows  the  well-known 
tessellated  appearance  marking  the  surface  of  trap-rocks.  Proceed- 
ing still  northwards,  we  find  coming  out  from  under  the  drift  a  trap* 
dike,  which  winds  about  and  ramifies  amongst  the  Old  red  conglo- 
merate with  a  general  northerly  direction,  till  it  meets  and  merges 
into  the  great  dike  intersecting  the  middle  of  Langness  in  a  direc- 
tion N.  lo^  W.  mag.  It  will  be  seen  that  this  dike  presents  on  the 
grouud-plan  numerous  branches,  several  of  which  terminate  in  a 
north-westerly  direction.  If  we  now  cross  over  to  the  south-eastern 
side  of  Langness,  we  find  the  same  dike  running  out  into  tlie  sea, 
having  the  same  general  direction  (8.  15^  £•  mag.),  and  including 
altered  masses  of  the  schist.  The  total  width  of  this  dike,  with  it0 
included  masses,  is  here  forty-five  feet. 

On  the  summit  of  the  ridge  of  Langness,  about  200  yards  to  the 
north  of  the  land-mark,  we  find  the  greenstone  dike  before  de- 
scribed running  here  N.  65°  W.  mag.  This  dike  is  intersected  by 
the  trap  we  have  just  noticed,  but  the  intersection  is  covered  up  by 
the  drift.  It  is  afterwards  seen  running  out  in  a  mass  into  the  sea 
on  the  north-eastern  side  of  Langness,  where  its  structure  may  be 
well  examined.  In  passing  up  the  same  side  of  the  peninsula  north- 
wards from  this  point,  we  fall  in  with  several  masses  of  greenstooe 
amongst  tiie  schists  (see  Map,  PI.  XV.). 

About  500  yards  north-eastward  of  the  former  trap-dike,  a  second 
is  seen,  thirteen  feet  wide,  running  in  a  direction  N.  25^  W.,  and 
this  re-appears  on  the  western  side  of  Langness,  with  the  same 
direction,  but  soon  divides  into  two  main  branches,  one  of  whicb 
runs  at  right  angles  to  thij^  direction  along  the  saddle  where  the  Old 
red  sandstone  is  brought  up,  and  then  returns  to  that  former  coume 
for  a  short  distance  and  terminates  ;  the  other  turns  a  few  degrees 
westward,  and  is  shortly  lost  sight  of  under  the  sea-weed. 

If  we  cross  over  the  narrow  neck  uniting  Langness  with  the  main 
island  into  Derby  Haven,  a  continuation  of  the  before-named 
saddle  again  brings  the  Old  red  conglomerate  for  a  short  distance  to 
the  surface ;  but  crossing  a  synclinal  to  tlie  southern  comer  of  the 
bay,  we  find  this  rock  coming  up  again  regularly  from  under  the 
limestone  and  resting  unconformably  u[ion  the  schists,  which  are 
here  contorted  by  a  mass  of  greenstone,  apparently  continued  in  a 
Komewhat  irregular  dike  to  the  northern  extremity  of  the  little 
island  upon  which  stands  the  fort  and  ruined  church.  At  the 
southern  extremity  of  the  bridge  uniting  this  island  with  Lang* 
ness,  we  meet  with  another  trap-dike,  three  feet  wide,  running 
N.  20^  W.  magnetic ;  and  at  the  northern  end  of  the  bridge  near 
the  church,  another  running  N.  15^  W.:  these  dikes  are  continued, 
ill  direcUona  generally  painilel  to  each  other,  acrost  the  bay  U>  the 
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north-westward,  and  appear  at  low-water  in  the  ridge  npoo  wMch 
fhe  Derby  Haven  Breakwater  is  built  The  intenBeetion  of  tliese 
dikes  with  the  greenstone  is  also  obscure,  being  either  built  orer  as 
at  the  bridge  connecting  Fort  Island  with  Langness,  or  covered  up 
by  sea-weed  and  shingles. 

Before  leaving  Langness,  we  must  notice  the  remarkable  mass  of 
greenstone  on  the  summit  of  the  hill  at  its  northern  extremity.  This 
mass  appears  pushed  up  amongst  the  schists  which  mantle  round  it» 
and  into  which  it  sends  forth  anus  in  every  direction.  It  is  most  ex- 
tensively though  irregularly  developed  in  a  westerly  direction  along 
the  ridge.  Starting  again  from  the  southern  end  of  the  Derby  Haven 
Breakwater  in  a  north-easterly  direction,  vre  follow  an  anticlinal 
upon  which  the  breakwater  is  built,  and  which  is  intersected  nearly 
at  right  angles  by  the  two  trap-dikes  which  have  just  been  men- 
tioned. At  the  northern  end  of  the  breakwater  the  first  observable 
boss  occurs,  and  a  little  further  north-eastward,  near  the  old  limekiln, 
amongst  divided  and  broken  beds,  we  may  make  out  another.  The 
limestones  here  are  sometimes  greatly  altered,  especially  along  cracks, 
and  the  sequence  into  the  Old  red  conglomerate  may  be  observed, 
although  it  is  interrupted  in  one  place  by  the  interesting  tabular 
mass  of  trap  before  mentioned.  At  that  spot  (see  Map,  PI.  XVI.) 
the  trap  has  so  mixed  itself  with  the  Old  red  conglomerate  as  to  ap- 
pear a  substitute  for  the  ordinary  matrix  of  the  quartz  pebbles.  The 
strike  of  the  beds  is  here  S.  50°  VV.  mag.  At  the  southern  extremity 
of  the  little  bay  of  Ronaldsway,  there  may  be  traced  the  effects  of 
a  disturbance  crossing  the  general  strike  of  the  beds,  and  forming 
troughs  on  the  northern  and  southern  sides.  This  line  of  disturbance 
runs  from  under  the  drift  in  a  direction  N.  80°  E.  mag.  for  a  distance 
of  sixty  yards,  and  then  gradually  disappears.  Along  the  ridge  of  this 
anticlinal  the  limestone  is  raised  vertically,  but  the  steeper  beds  are  on 
the  northern  side.  Very  unequivocal  tokens  arc  here  given  of  igneous 
action,  the  limestones  are  crystalline  and  corroded,  and  we  even  have 
patches  of  the  overlying  boulder-clay  formation  so  hardened  and 
cemented  together  as  to  have  resisted  the  denuding  action  of  the 
sea.  This  may  have  been  caused  by  heated  gaseous  vapours  ascend- 
ing through  the  cracks  formed  by  a  previous  disturbance,  but  it 
tends  to  support  the  opinion  w^hich  I  shall  have  occasion  to  put  forth 
in  the  second  part  of  this  communication,  that  the  series  of  disturb* 
anccs  thus  noticed  and  the  phaenomena  connected  with  them  are  of 
a  date  posterior  to  the  formation  of  the  boulder-clay,  whenever  that 
might  be.  It  will  be  observed  that  we  have  several  cracks  and  slight 
ftiults  running  in  directions  parallel  to  this,  and  traceable  hence 
to  Coshnahawin  at  the  mouth  of  the  Santon  river,  but  I  can  only 
at  present  direct  attention  to  the  fact,  which  is  well-worthy  of  careful 
consideration.  This  little  bay  of  Ronaldsway  will  be  found  the  most 
fossiliferous  of  all  the  localities  in  which  the  lower  dark-coloured 
limestones  are  accessible.  There  is  one  bed  of  mudstone  enor- 
mously loaded  with  fucoids,  another  (a  shaly  bed)  abounds  with 
encrinital  stems,  and  in  a  third  Orthis  Sharpei  is  found.  Two  more 
of  these  bosses  occur  in  Ronaldsway  Bay>  and  as  we  proceed  north- 
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eastward  towards  SkiUicore,  beyond  the  limekiios,  two  others,  sUu* 
ated  upon  that  line  of  dtsturbance  which  runs  from  the  BroQgh  in 
a  direction  S.  40°  W.  mag.,  and  which  is  evidently  connected  with 
the  great  fault  at  Coshnahawin.  The  beds  here  are  greatly  altered 
and  disturbed,  especially  along  the  eastern  side  of  the  fault,  M'herc 
we  have  a  mass  brought  up  from  below,  which  I  have  little  doubt 
is  an  altered  Old  red  conglomerate.  On  account  of  its  beautiful 
colour,  some  attempts  have  been  made  to  work  this  rock  for  marble, 
but  the  quartz  occurring  in  it  appears  to  have  been  the  cause 
of  the  failure  that  was  experienced.  Proceeding  still  to  the  north- 
east, we  again  cross  a  trap-dike  running  S.  15°  W.,  and  branching 
much  amongst  the  outcropping  shales :  one  of  these  branches  ap- 
parently connects  itself  with  the  series  of  dikes  intersecting  the 
Skillicore  boss,  which  is  perhaps  the  most  distinct  and  remarkable 
of  these  appearances,  in  consequence  of  its  being  so  intersected.  It 
will  be  seen  that  whilst  we  have  here  a  dike  running  in  a  direction 
generally  parallel  to  the  disturbance  at  Ronaldsway,  it  divides  itself 
nearly  at  the  centre  of  the  boss,  and  that  those  branches  which  run 
at  right  angles  to  the  line  of  fault,  separate  again  into  mere  cracks 
only  partly  filled  with  trap,  and  ultimately  disappearing.  From 
this  boss  to  Coshnahawin,  the  shore  between  high  and  low  water 
murk  has  a  gentle  dip  inland,  and  is  occupied  by  beds  of  limestone 
^nd  shale,  which  are  broken  up  into  rhomboidal  blocks  by  cracks 
running  generally  towards  the  south-west  The  line  of  high-water  is 
formed  by  a  continuous  mass  of  the  altered  Old  red  conglomerate 
which  has  been  brought  up  very  rapidly  ;  the  limestones,  which  are 
almost  horizontal  to  the  very  edge  of  the  fault,  being  there  suddenly 
broken  off. 

A  small  bay  is  here  formed  apparently  by  a  transverse  disturbance, 
which  has  completely  shattered  and  confused  the  beds,  and  the 
broken  masses  are  so  enveloped  in  sand  and  shingle  as  to  preclude 
examination.  We  have  however  two  parallel  cracks  with  slight 
faults  running  nearly  south-east  on  the  north-eastern  side  of  this  little 
bay,  and  the  beds  then  rise  rapidly  to  the  edge  of  the  great  fault 
in  that  direction,  at  the  mouth  of  the  Santon  river.  At  this  point 
also  is  another  boss,  through  the  centre  of  which  runs  a  crack  or 
chasm,  and  there  is  also  a  crack  and  fault  on  one  side  of  it.  It  will 
be  seen  that,  advancing  from  the  south-western  extremity  of  Lang- 
nesd  in  a  direction  nearly  nurth-east,  we  have  been  gradually  ap- 
proaching the  point  of  principal  disturbance,  which  seems  to  be 
under  the  hill  called  the  Brough,  where  the  Old  red  conglomerate, 
which  appears  at  low-water  at  the  mouth  of  the  Santon  river,  con- 
formably underlying  the  limestone  of  Coshnahawin  Head,  has  been 
brought  up  on  the  rise  side  of  the  fault  to  the  height  of  110  feet. 
As  far  as  I  can  judge  at  present^  tliis  elevation  was  however  connected 
with  the  formation  of  two  faults  crossing  each  other,  and  occurring 
at  difierent  periods.  The  valley  along  which  the  Santon  river  runs 
is  one  of  elevation,  running  for  the  most  part  nearly  north  and  south, 
and  at  the  mouth  of  the  liUle  stream  the  effects  of  another  disturbing 
ioroe  may  be  traced,  runpiog  in  a  ueajrly  traosverse  direotion*  or  fiVHn 
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east  to  w^t,  greatlj  contorting  the  schists  and  reTersing  their  dip. 
Nearly  parallel  with  this  axis  we  have  several  bands  of  greenstone. 
We. may  suppose  then  that  a  portion  of  the  country  on  the  north 
side  of  this  latter  east  and  west  line  was  elevated  at  the  time  of  the 
formation  of  the  valley,  along  which  the  river  runs  to  a  somewhat 
greater  extent  than  that  portion  lying  on  the  south  side  of  the  line, 
and  this  was  one  stage  of  the  uplifting  of  the  Old  red  conglomerate. 

Another  disturbance  of  a  different  date  is  however  conspicuons 
ai  the  mouth  of  the  river,  between  high  and  low  water ;  and  a  very 
distinct  line  is  drawn  by  the  difference  between  the  blue  and  claret- 
coloured  schists,  which  always  immediately  (though  unconforma- 
Wy)  underlie  the  Old  red  conglomerate.  There  is  then  exhibited 
a  line  of  principal  fault  running  S.  40°  W.  magnetic,  the  rise 
being  on  the  north-western  side ;  and  a  small  ridge  of  limestone 
mns  out  to  sea  in  a  direction  S.  50°  E.,  marking  another  fauh  at 
right  angles. 

It  will  be  seen  that  these  directions  coincide  with  those  which  we 
have  been  continually  noticing  in  connexion  with  the  series  of 
bones;  and  by  the  disturbance  last  alluded  to,  it  will  be  clear  that 
the  Old  red  conglomerate  on  the  north-west  or  upcast  side  of  the 
fault  received  another  elevation. 

I  have  not  stated  distinctly  which  series  of  disturbances  happened 
fktif  and  this  may  perhaps  be  a  matter  for  further  consideration^ 
My  own  impression  is,  that  the  first  elevation  caused  the  fault  run- 
ning S.  ¥f  W.,  since  the  line  of  demarcation  between  the  blue  and 
claret-coloured  schists,  which  were  formed  by  the  fault  running 
nearly  south-west,  ap{>ears  to  be  broken  by  the  other  which  crosses 
it.  A  large  quantity  of  sand  and  shingle  unfortunately  covers  up 
a  portion  of  this  line,  and  prevents  a  conclusive  determinatioR  on 
tbiB  point. 

Crossing  the  country  now  in  a  north-westerly  direction,  we  may 
tmee  conjecturally  the  line  of  outcrop  of  the  Old  red  conglomerate, 
akkoagh  it  is  entirely  covered  op  by  diluvial  drift  or  boulder  clay 
from  the  Broogh  to  beyond  Ballasalla,  where  it  appears  in  the  Httli^ 
stream  which  runs  from  St.  Mark's  and  joins  the  Silverbnrn  a  IHtle 
above  Crossag  Bridge.  It  is  also  seen  in  the  road  above  the  umber 
works. 

In  this  neighbourhood  the  conglomerate  has  entirely  lost  its  red 
colour  in  the  upper  beds,  and  is  very  thin,  the  quartz  pebbles 
being  merely  a  white  gravel  in  a  limestone  paste.  Further  on,  at 
Crag  Mill,  an  elevation  of  the  schist  in  a  line  crossing  the  Silver- 
bom  in  a  direction  S.  80°  W.  has  cut  off  the  continuation  of 
the  outcrop  of  the  Old  red  conglomerate ;  but  following  the  stream 
upwards  for  300  yards  across  the  bridge  we  come  upon  it  again, 
forming  the  ridge  of  a  small  semicircular  basin  in  which  the  beds 
are  aearly  horizontal.  There  is  here  an  indication  of  our  having 
attained  the  original  limit,  in  this  direction,  of  the  southern  lime- 
•toae  basin  of  the  island. 

I»  passing  up  the  Silverbum  we  have  however  been  following^  a 
Mne  of  faolt  mnning  in  a  direction  N.  10^  W.  magnetic.    'Mb 
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fault,  combined  with  the  axis,  already  mentioned  as  having  elevated 
the  schists,  has  raised  the  Old  red  conglomerate  to  the  surface  oti 
the  hill  to  the  south«west  above  Athol  Bridge  (sometimes  called 
Sil  verb  urn  Bridge).  It  appears  here  in  considei-able  force  on  th^ 
Peel  road,  which  has  in  part  been  cut  through  it,  and  forms  an  \n^ 
teresting  section. 

A  little  above  Athol  Bridge,  near  the  mill,  there  is  some  evidence 
of  a  disturbance  and  fault  at  right  angles  to  that  which  I  have  men" 
tioned,  which  is  continued  apparently  quite  into  the  mountain  range 
of  South  fiarrule.  The  rise  side  of  this  fault  appears  to  be  to  the 
north. 

I  have  never  seen  or  heard  of  any  indication  of  limestone  to  the 
north  of  a  line  drawn  hence  to  Port-le-Murray.  The  whole  distance 
however  to  the  sea  is  covered  up  by  diluvium  and  estuary  deposits, 
and  if  the  beds  are  not  cut  off  by  a  fault,  we  must  conclude  that  a 
line  nearly  in  this  direction  formed  the  ancient  limit  to  the  basin  on 
the  north-west  (see  Map,  PL  XV.). 

Directing  our  course  again  southward  along  the  Peel  road,  we 
come  upon  the  large  development  of  limestone  forming  the  Ballahoi 
quarries  and  supplying  the  limekilns  of  this  neighbourhood.  The 
beds  dip  gently,  but  on  a  saddle,  towards  Poolvash  and  the  Carrig, 
and  soon  attain  a  considerable  thickness.  The  base  of  these  beds 
is  not  seen  in  the  quarries.  On  the  road  however  which  crosees 
from  the  Peel  road  to  Rushen  Abbey,  just  by  Ballabot  farmhouses 
we  find  ourselves  upon  the  underlying  Old  red  conglomerate,  which 
is  here  observable  in  its  upper  beds  as  white  quartz  gravel  in  a  lime* 
stone  paste.  The  dip  is  here  10*^  west  of  south.  Following  this 
road  down  to  the  Abbey,  we  find  this  same  bed  of  the  Old  red  eon- 
glomerate  on  the  side  of  the  road  which  leads  by  the  west  wall  of 
the  Abbey  gardens,  and  the  north  Abbey  cottage  to  Crossag  Bridge. 
The  fault  however  along  the  course  of  which  the  Silverbom  mne, 
and  which  may  be  observed  in  the  river  at  Crossag  Bridge,  must 
have  turned  the  direction  of  the  basset  ei\ge  of  the  Old  red  congle^ 
merate  to  the  southward,  and  it  is  covered  up  by  the  diluvial  gravel 
in  the  low  ground  in  the  neighbourhood  of  the  Abbey. 

if  we  follow  the  Silverburn  towards  Castletown  from  BallasftHa, 
we  find  it  presently  passing  through  some  broken  limestone  grooiid, 
bitt  the  nature  and  extent  of  the  disturbances  are  not  well-developed. 
My  impression  is,  that  the  river  runs  along  the  line  of  a  crack  on 
the  ridge  of  the  limestone  in  a  direction  40°  west  of  south ;  and 
there  is  a  cross  fault  at  right  angles,  perhaps  connected  with  that 
which  runs  in  this  direction  from  Coshnahawin.  It  is  only  in  a  few 
places  that  we  can  obtain  an  angle  of  dip,  and  the  beds  have  soiTered 
considerably  by  denudation. 

At  the  mouth  of  the  river  in  Castletown  harbour  we  find  the  lime- 
stone again  presented  in  an  anticlinal  axis  running  70^  west  of  south 
from  under  Government  House  towards  Scarlet  Head.  This  axis  m 
cut  through  nearly  at  right  angles  by  a  trap-dike  which  makee  its 
appearance  on  the  south  side  of  the  old  pier  in  the  new  harbMK 
Thif-^ke  haa  greatly  ahered  the  limestone,  and  more  partietiknrly 
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in  those  places  where  it  encloses  a  mass  of  limestone  betwixt  two  of 
its  branches.  In  this  crystallized  and  altered  limestone  we  meet  with 
thin  strings  of  galena.  I  may  also  mention,  that  along  the  side  of 
the  dike  cutting  the  southern  point  of  Langness,  and  in  a  narrow 
gully,  I  have  met  with  fine  veins  of  copper  in  the  schist.  In  the 
dike  at  the  caves  in  Langness,  we  have  sulphuret  of  iron. 

From  Castletown  pier-head  to  Scarlet  House  several  trap-dikes 
occur,  generally  at  right  angles  to  the  anticlinal  just  alluded  to,  and 
following  its  slight  curvatures.  There  is  however  one  remarkable 
exception  iu  the  dike  which  runs  from  under  Knockrushen  in  the 
direction  of  the  southern  end  of  Derby  Haven  in  a  direction  S.70°  E. 
This  dike  seems  to  be  more  compact  than  any  of  the  others, 
and  its  width  in  solid  trap  is  twenty-one  feet.  I  think  it  possible 
that  this  dike  is  identical  with  that  running  in  the  same  direction 
from  Copenhagen.  If  it  should  continue  north-eastward  in  the 
same  direction,  it  will  cut  the  isthmus  of  Langness  at  a  point  which 
is  buried  under  sand ;  but  it  is  not  altogether  improbable  that, 
making  a  slight  curve,  it  may  also  be  the  same  as  the  more  southerly 
branching  dike  on  Langness,  and  that  the  dike  at  Castletown  pier 
is  the  more  northerly  of  the  two  which  cut  through  the  promontory. 
Thirty  yards  to  the  south-west  of  this  is  a  small  dike  one  foot  wide 
running  parallel  to  that  which  branches  from  the  great  Knock- 
rushen dike;  and  sixty  yards  still  further  south-west,  a  dike  one 
and  a  half  foot  wide,  running  S.  25°  E.  mag. ;  and  again  very  near 
to  it,  under  the  limekiln,  is  a  smaller  one  running  S.  20°  W.,  and 
soon  terminating. 

All  these  last  three  dikes  appear  to  be  mere  branches  of  the 
greater  Knockrushen  dike,  shooting  out  from  it  at  a  point  a  little 
above  the  limekiln  at  the  centre  of  a  semicircular  boss.  The  lime- 
stone is  here  traversed  by  a  number  of  joints  and  intersecting  cracks, 
and  has  been  considerably  altered. 

Passing  by  Scarlet  House  we  find  another  boss  where  the  shore 
turns  westward,  and  continuing  in  that  direction  towards  the  Stack, 
very  sudden  and  repeated  contortions  of  the  strata  appear;  the 
strike  of  the  beds,  which  has  hitherto  been  pretty  uniformly  W.S.W., 
trending  round  towards  the  south.  The  cause  of  this  very  soon 
appears  in  the  protrusion  of  the  basaltic  mass  of  the  Stack,  and  the 
great  fault  or  disturbance  running  about  N.  30°  W.  mag.  from  this 
point  (PI.  XVIL  fig.  3). 

At  this  point  there  is  a  series  of  plutonic  rocks  of  every  character 
and  description,  containing  commingled  masses  of  altered  or  trap- 
paceous  limestone,  whose  original  order  of  deposition  it  is  almost 
impossible  to  speak  of  with  confidence.  The  passage  from  the  most 
decidid  trap-rock  into  the  most  decided  limestone  is  so  gradual 
that  it  seems  hopeless  to  attempt  a  classification ;  and  we  are  forced 
to  the  conclusion,  that  either  under  great  pressure  and  under  the 
action  of  great  heat,  some  of  the  elements  of  trap-rocks  were  made 
to  incorporate  themselves  with  the  proximate  limestone,  or  as  I  have 
rather  concluded,  that  a  deposition  of  carbonaceous  sediment  at  the 
bottom  of  the  ancient  sea  in  this  locality  was  going  ou  contempo- 
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•  nmeougly  with  the-  deposition  of  v<4canic  ashes;  and  that  sabse- 
quentty  the  whole  series  so  formed  has  been  sulg'eoted,  under  pres- 
sure^ to  ihe  action  of  considerable  heat. 

The  sections  which  I  have  made  are  based  on  this  supposition, 
and  offer  the  nearest  and  simplest  approximation  to  order  which  I 
could  disoover»  amidst  so  much  contortion  and  breaking  up  of  the 
strata  and  intrusion  of  volcanic  products.  The  older  dark  lime- 
stones of  the  basin  (which  we  are  here  enabled  to  measure  to  the 
thickness  of  130  feet)  are  suddenly  thrown  downwards  towards  the 
line  of  disturbance  running  north-westward  from  the  Stack,  and  are 
intersected  by  several  trap-dikes  also  running  north-west  (see  PI.  XV. 
and  section,  PI.  XVI.).  Above  them  we  have  the  Poolvash  limestones 
nearer  the  Stack,  greatly  altered  and  crystalline ;  then  a  series  of 
trap-tuff,  trappaceous  limestone,  &c. ;  and  overlying  and  unconform- 
able to  all  these  are  other  broken  and  twisted  beds,  and  an  out- 
pouring of  trap-tuff  with  mingled  fragments  of  the  broken  strata. 
The  breaking  up  of  the  beds  appears  to  have  been  occasioned  by 
the  eruption  of  the  trap,  which  forms  the  basaltic  pile  of  the  Stack, 
and  which  may  perhaps  be  only  the  more  prominent  portion  of  the 
largest  trap-dike,  assuming  that  columnar  structure  in  consequence 
of  some  peculiar  condition  of  cooling. 

The  whole  distance  hence  to  Poolvash  Bay,  wherever  the  beds 
are  uncovered  from  the  drift,  exhibits  this  remarkable  trappaceous 
formation  ;  and  as  we  proceed  onward  in  that  direction,  the  order  of 
the  formations  appears  to  come  out  with  greater  regularity,  and  the 
different  beds  attain  a  greater  thickness.  In  some  of  the  deeper 
chasms  which  the  action  of  the  sea  has  worn  in  the  tuff,  the  Posi- 
donia  schist  is  seen ;  and  where  we  come  upon  the  bay  itself,  the 
shore  turning  suddenly  to  the  northward  and  north-eastward,  we 
find  that  large  development  of  it  which  is  worked  as  a  marble 
quarry.  In  many  places  the  schist  rests  directly  on  the  limestone, 
and  thins  out  around  masses  of  the  limestone  in  such  a  manner  as 
to  indicate  that  it  was  deposited  after  some  disturbance  of  the  lime- 
stone had  taken  place,  and  that  the  sea-coast  was  in  this  immediate 
neighbourhood.  We  may  indeed  almost  fancy  we  can  trace  the 
ancient  outline  of  the  land ;  and  the  presence  of  the  fossil  ferns 
found  in  one  of  these  recesses  appears  to  indicate  the  same  fact. 

Westward  of  Poolvash  the  trappaceous  deposits  do  not  appear,  and 
the  shore  is  so  much  intersected  with  trap-dikes  and  the  rocks  are 
so  much  altered,  as  to  prevent  all  description  of  that  neighbourhood. 
The  hill  above  Balladoole  appears  to  have  been  raised  in  a  dome, 
and  it  is  not  unlikely  that  there  may  be  caverns  formed  in  that 
neighbourhood,  as  there  is  close  alongside  the  great  fault  (which 
has  before  been  mentioned  as  bringing  up  the  dark  beds  of  the 
lower  series  of  limestone),  a  strong  spring  of  salt  water  which  con- 
tinues to  run  several  hours  after  ebb-tide,  apparently  from  an  un- 
derground pool  which  is  filled  at  high-water.  At  the  mouth  of  the 
stream  beyond  the  farm  called  Copenhagen,  where  the  high  road 
comes  upon  the  shore,  we  find  ourselves  upon  the  lower  series  of 
limestone,  the  newer  or  Poolvash  series  having  suffered  denudation 
to  the  north-west  of  the  stream. 
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The  Carrig  rock  in  the  midst  of  Port*le-Murray  Bay  appean  to 
be  a  botB  of  the  older  limestone,  of  the  same  age  as  the  patch  of 
limestone  which  i»  quarried  at  Port-le-Murray  itself.  How  far  in* 
land  the  Poolvash  limestones  extend  I  have  not  as  yet  seen ;  the 
outcrop  is  seen  at  Knockrushen  at  the  south-eastern  side  of  the 
basin,  and  they  must  have  been  denuded  from  the  whole  of  Castle* 
town  Bay,  if  indeed  they  ever  extended  in  that  direction. 

On  the  whole  then,  it  appears  that  we  have  evidence  in  proof  of 
the  existence  of  some  portion  of  the  Isle  of  Man  as  an  island  sboot 
the  commencement  of  the  newer  Palseozoic  period,  the  Old  red  con- 
glomerate forming  a  thin  fringe,  and  occurring  at  the  edge  of  the 
southern  basin  as  a  mass  of  small  white  quartz  pebbles  in  a  car- 
bonaceous paste  not  more  than  three  or  four  feet  thick.  This  thin 
fringe  does  not  appear  however  to  have  suffered  denudation,  but 
passes  regularly  into  the  overlying  dark-coloured  limestones  and 
shales.  It  is  worthy  of  notice  that  no  granite  boulders  are  found 
in  the  Old  red  conglomerate ;  and  the  probable  inference  is,  ^at 
the  granitic  nucleus  had  not  yet  been  brought  to  the  surface.  The 
accumulation  of  beds  reposing  on  the  Old  red  indicate  by  their 
fossils  the  presence  of  a  fauna  not  unlike  that  of  the  lower  Scar  lime- 
stone of  Yorkshire. 

This  early  condition  of  the  beds  was  soon  affected  by  disturbanees, 
marks  of  several  of  which  can  be  traced  in  the  southern  basin. 

And  first,  we  find  the  lower  beds  contorted  and  partially  broken 
up,  while  volcanic  ash,  &c.  has  become  mixed  with  carbonaceous 
matter,  and  passes  into  the  black  schistose  Posidonian  limestone, 
this  bed  containing  ferns,  and  forming  the  nearest  approach  to  the 
true  coal-measures  that  the  island  affords.  After  this  a  second  erup- 
tion of  volcanic  matter  took  place ;  and  we  may  trace  the  formation 
of  a  trap* breccia  containing  fragments  of  the  Posidonia  schist  and 
limestone  and  of  the  older  trap-tuff.  Lastly,  there  is  evidence  of  at 
least  one  disturbance  posterior  to  this,  in  the  intersection  of  the 
entire  area  of  the  southern  basin  by  a  series  of  trap-dikes  having  a 
general  direction  E.S.E.  and  W.N.W. 

The  whole  district  under  discussion  exhibits  what  may  be  termed 
an  undulating  structure,  the  ridges  of  the  antidinals  running  gene- 
rally S.S.W.  and  N.N.E. :  and  it  has  been  shown  that  the  trap  dikee 
exhibit  certain  relations  with  these  ridges,  being  compact  and  broad 
on  the  ridges  of  the  antidinals,  and  branching  out  or  ramifying  in 
the  corresponding  synclinaht.  The  trap  also  does  not  seem  to  have 
merely  penetrated  into  old  crevices;  but  if  we  may  judge  from  the 
appearance  of  the  bosses,  must  have  forced  itself  in  between  the 
schist  and  the  tough  beds  of  limestone,  perhaps  amongst  the  boul- 
ders of  the  Old  red  conglomerate. 

There  is,  besides  those  already  mentioned,  a  fourth  system  of 
disturbances,  whose  direction  is  nearly  N.E.  by  N. ;  and  these  are 
connected  with  the  outburst  of  porphyries  at  a  period  later  than 
tliat  of  the  deposition  of  the  carboniferous  strata.  I  have  ventured 
to  conjecture  that  the  date  of  this  disturbance  may  be  even  more 
recent  than  the  deposit  of  the  boulder  clay. 
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Part  II. 
On  the  Tertiary  Formations  of  t/ie  Ixland, 

[Read  February  4th,  1846.] 

I  have  already  stated  the  nature  and  extent  of  the  difficulty  that 
exists  in  the  way  of  obtaining  a  coirect  geological  history  of  the 
older  rocks  in  the  Isle  of  Man ;  and  I  have  alluded  to  the  fact  that 
the  beds  in  general,  especially  those  which  are  most  instructive, 
and  which  appear  on  the  southern  side  of  the  island,  are  covered 
up  by  tertiary  sands  and  clays.  I  propose  now  to  describe  these  de- 
posits. 

Although  the  existence  of  a  large  marine  formation  in  the  north 
of  the  island^  containing  shells  which  have  been  referred  to  the 
post-pliocene  or  pleistocene  age,  has  already  been  made  known 
through  the  labours  of  Professor  £.  Forbes  and  Mr.  Strickland*, 
the  occurrence  of  similar  beds  in  other  parts  of  the  island  appears 
hitherto  to  have  been  overlooked.  It  is  however  only  by  a  close 
connexion  and  comparison  of  the  phaenomena  presented  at  these 
other  localities  that  the  real  character  of  the  deposit  and  its  relaticm 
to  the  older  rocks  can  be  determined,  the  base  of  the  formation  not 
being  exposed  in  the  north  ;  whilst  on  the  other  hand,  the  superior 
thickness  of  the  strata  there  developed  and  the  fossils  contained, 
supply  evidence  rarely  to  be  obtained  in  the  other  district. 

The  deposits  which  I  have  now  to  describe  may  be  classed  under  the 
four  heads : — 1 .  boulder  clay  and  erratic  blocks ;  2.  diluvium ;  3.  drift 
gravel,  and  4.  aUuvium  ;  and  I  propose  to  describe  in  detail  the  posi- 
tion and  relations  as  well  as  the  nature  and  contents  of  each  of  these.    - 

1 .  Boulder  C^y  .^-This  deposit  consists  for  the  most  part  of  a  mass 
of  unstratified,  or  very  irregularly  stratified  loam  and  sauid,  indudii^ 
boulders  of  local  and  foreign  rocks,  of  which  the  former  (those  from 
the  neighbourhood)  are  generally  the  most  remarkable  in  point  of  siaEe, 
and  are  not  much  rounded,  although  scratched  and  polished  on  their 
flat  surfaces.  These  boulders  are  frequently  pushed  over  one  upcm 
another,  and  this  is  especially  the  case  with  the  fragments  of  lime* 
stone  in  the  south.  The  lower  part  of  the  deposit  is  the  mostloamy^ 
and  in  the  upper  part  the  sands  are  scattered  in  irreguhir  patches^ 
and  often  exhibit  a  waved  appearance. 

Throughout  the  whole,  fragments  of  shells  are  diffused  sparingly 
and  in  an  extremdy  broken  and  comminuted  state ;  they  are  chi^y 
abundant  in  the  sands,  but  are  generally  too  friable  to  be  removed 
without  injury.  Those  that  have  been  examined  seem  to  belong 
to  the  pleistocene  or  newest  pliocene  period  of  Mr.  Lyell;  but 
in  the  lower  portion  of  the  deposit  some  species  have  been  found 
identical  with  those  hitherto  considered  as  confined  to  the  Crag;  so 
that  the  date  of  the  formation  may  perhaps  extend  so  far  back  as 
the  older  pliocene  f. 

There  is  yet  greater  difficulty  in  determining  the  superior  Umit 

*  Proc.  GeoL  Soc.  vol.  iv.  p.  8.  f  See  List  of  Fossilf,  p.  346. 
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of  age  of  this  deposit,  since  the  beds  pass  upwards  into  the  diluvial 
drift  or  HUy  especially  in  the  northern  part  of  the  island.  This  dif- 
ficulty arises  partly  from  the  want  of  any  regular  stratification  and 
the  presence  throughout  of  transported  blocks,  and  partly  from  the 
partial  denudation  and  removal  of  the  boulder  clay  and  its  re-arrange- 
ment amongst  the  drift ;  whilst  it  seems  probable  that  causes  re- 
sembling those  which  produced  the  true  diluvium,  though  not  per- 
haps of  equal  intensity  in  the  same  direction,  may  have  operated 
during  the  whole  period  of  the  boulder  clay  formation  *• 

In  the  northern  district  of  the  island,  the  rake  of  the  tide  in  the 
channel,  assisted  no  doubt  by  the  ordinary  atmospheric  action  and 
by  violent  wind  and  rains,  is  constantly  removing  large  masses  of 
the  clifi*  on  the  eastern  and  western  coast,  and  exposing  the  whole 
series  to  view.  It  may  be  usefully  studied  a  few  hundred  yards 
south  of  the  town  of  Ramsey,  where  it  abuts  against  the  schist, 
which  is  seen  dipping  rapidly  to  the  north  (see  section,  Plate  XVII. 
fig.  4).  The  more  loamy  lower  portion  is  not  there  discovered  in 
the  cliff,  which  is  hardly  more  than  thirty  feet  high,  but  it  appears 
to  form  the  good  holding  ground  in  the  south  of  Ramsey  Bay ;  and 
a  stick  thrust  down  into  the  sand  between  high  and  low  water 
reaches  a  hard  clay,  which  no  doubt  belongs  to  this  part  of  the  for- 
mation. As  we  proceed  northwards  from  Ramsey,  we  obtain  in  the 
clifis  between  the  Dog  Mills  and  Point  Cranstal  a  finer  development 
of  the  series  and  access  to  the  more  loamy  portion. 

The  boulders  are  described  by  Mr.  Strickland  f  as  consisting  of 
slate-rock,  quartz,  old  red  sandstone,  carboniferous  limestone,  gra- 
nites, porphyries  and  chalk  flints ;  and  he  mentions  that  all  the  rocks 
except  the  two  latter  occur  in  situ  on  the  island.  The  granites  how- 
ever of  the  northern  deposit  of  the  boulder  clay,  as  far  as  I  have  yet 
seen,  are  not  the  insular  granite,  nor  have  I  dbcovered  any  chalk 
flints  in  that  part  of  the  series  which  I  consider  really  belonging  to  the 
pleistocene  series.  In  consequence  of  the  diluvium  overlying  the 
boulder  clay  formation,  it  frequently  happens  that  when  the  cliff*  is 
undermined,  the  boulders  of  the  two  separate  series  become  mixed 
together  on  the  sea-shore,  and  even  on  the  slope  of  the  cliff';  and  much 
caution  is  requbite  before  deciding  to  which  formation  an  individual 
boulder  may  belong  J.  The  boulders  of  red  syenite  and  porphyry 
agree  very  well  with  hand  specimens  from  Cumberland,  and  one  oif 
them  with  the  Skiddaw  granite.  As  porphyritic  greenstone  occurs 
largely  both  in  the  south  and  centre  of  the  island,  the  blocks  of 
it  in  the  boulder  clay  seem  of  unceitain  origin  ;  but  most  probably 
those  in  the  northern  boulder  formation  ajre  foreign,  and  those  in 

*  At  Cranstal  Head,  in  the  north  of  the  island,  there  is  an  appearance  of  alter- 
nations of  larger  masses  of  gravel  and  transported  matter  associated  with  the  finer 
clays  and  sands. 

t  Proc.  Geol.  Soc.  vol.  iv.  p.  8. 

%  Since  writing  the  above  I  have  found  a  chalk  flint  in  the  boulder  clay  of 
Hango  Hill,  at  the  head  of  Castletown  Bay,  in  a  position  which  seems  to  render 
it  almost  certain  that  it  belongs  to  the  formation  we  are  now  considering.  See 
woodcut,  p,  338. 
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the  southern  partly  foreign  and  partly  insular,  but  there  are  evi- 
dently two  or  three  varieties  of  it  In  the  south  of  the  island  near 
the  Stack  of  Scarlet,  there  are  also  rolled  fragments  of  a  gritty 
sandstone  probably  belonging  to  the  coal-measures  of  Cumberland. 
We  seem  therefore  on  the  whole  warranted  in  concluding,  that  the 
transport  has  taken  place  for  the  most  part  from  the  E.N.E.,  or 
thence  round  to  N.N.E. ;  and  this  view  would  hardly  be  invalidated 
by  finding  occasionally  rocks  from  other  points  of  the  compass  (as 
for  instance,  if  such  should  be  the  case,  chalk  flints  from  the  north 
of  Ireland*);  since  supposing  the  general  contour  of  the  surround- 
ing countries  not  to  have  been  greatly  different  from  the  present,  we 
can  imagine  a  current  from  the  N.N.W.  drifting  materials  into  this 
area,  and  mixing  them  with  the  products  of  more  powerful  currents, 
from  a  direction  between  east  and  north. 

Mr.  Strickland  has  noticed  certain  remarkable  concretionary 
masses  occurring  at  Point  Cranstal,  four  miles  north  of  Ramsey, 
consisting  of  the  fine  sands  (which  have  been  mentioned  as  occur- 
ring in  patches  in  the  boulder  deposit),  '*  cemented  together  by  car- 
bonate of  lime,  extremely  hard  and  even  sonorous,  presenting  some- 
times a  stalactitic  appearance  with  a  pebble  attached  to  the  larger 
end  of  the  concretion,  at  others  the  form  of  flat  tabular  masses, 
mammillated  on  their  surfaces  or  perforated  obliquely  by  tubular 
cavities  t."  He  suggests  that  currents  of  water  (or  possibly  of  wind 
operating  during  ebb-tide)  setting  in  a  certain  direction  may  have 
disposed  the  sand  in  ridges  parallel  to  that  direction,  and  that  the 
carbonate  of  lime  may  have  been  afterwards  attracted  into  these 
ridges  in  preference  to  the  intermediate  portions.  I  am  however  of 
opinion,  that  the  formation  is  for  the  most  part  of  a  recent  character 
and  of  the  nature  of  a  true  stalactite.  Having  visited  the  spot  in 
the  spring  of  1845  after  copious  rains,  I  observed  that  nearly 
similar  stalactitic  masses  were  being  formed  in  the  gullies  and  at 
the  base  of  the  cliff,  by  the  percolation  of  the  waters  amongst  the 
alternating  beds  of  sand,  gravel  and  loam.  But  a  difficulty  pre- 
sented itself  in  the  circumstance  that  these  masses  occur  in  nearly 
horizontal  positions  at  various  heights  in  the  cliff.  On  the  western 
coast  also,  in  the  neighbourhood  of  Ballaugh,  we  meet  with  similar 
formations ;  and  on  the  south  coast,  at  the  mouth  of  the  Strandhall 
brook  which  runs  into  the  sea  between  Poolvash  and  Kentraugh 
near  the  lime-kilns,  we  have  a  bed  of  sand  of  the  pleistocene  age 
resting  upon  a  layer  of  the  loam  of  the  boulder  formation.  It  has 
been  observed  by  Dr.  Macculloch,  that  the  loam  of  this  island  is  so 
largely  charged  with  lime  as  to  render  it  for  the  most  part  unsuited 
to  brick-making.  It  seems  reasonable  to  conclude  that  it  was  formed 
by  the  grinding  up  of  the  subjacent  beds  of  limestone  and  shale. 
Underground  currents  of  water  permeating  the  sands  which  are  in- 
terposed between  the  beds  of  loam,  carrying  along  with  them  par- 
ticles thence  derived,  and  becoming  mixed  with  the  finer  sand  and 
minute  fragments  of  shells,  have  a  tendency  to  deposit  the  same,  and 

*  See  the  previous  note  with  reference  to  this  point, 
t  Proceedings,  anie  eit.  p.  9. 
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inrm  a  tfrngreumur  m^m  c«  die  fee  sde  of  zm 
for  iofUMce.  of  a  p^bUe  bedded  ic  the  ttad.  >  uk  actkw  of  tke  ««tar 
fbrmiDC  eiooeated  cxviiics  or  pipes  in  ocber  ponioBk  Is  tte  i»> 
Maaee  oeesirio^  in  tW  Mntk  of  uii»  idoBd.  doc  oalf  is  tki*  ««■ 
vith  respect  to  tJie  piesHoeeBe  nadi.»  bet  a  nJKd  bevb  of 
■v)deTii  date,  restiar  OB  a  partafir  desodcd  bed  of  tbe  r 
kas  aeqaired  a  «Bular  roaBoiiditiop  aad  eoneretiooarj  i 
and  fltiU  fortber,  a  qaaatitr  of  Buai  groving  on  tbe  diff  ia  wmm 
being  gradaalhr  eonrertcd  into  travertine.  If  thk  explanation  rhnnH 
be  am!fpted  ISov  tbe  pbaenonwna  oecsrring  in  tbe  north  of  tbe  idiMd^ 
it  wiJ]  remore  anr  difienkr  vhicb  mifbt  arise  froin  eonndering  tbe 
eoDcretionarr  ftrmctnne  as  nrceirily  coinddwit  in  time  witb  tbe 
pfeiftoeeoe  deposit. 

In  tbe  central  raller  of  tbe  idand  mnning  from  Dooglas  to  Peel, 
and  ako  to  tbe  Baldwin  Taney,  it  appean  d^Scolt  to  determine  vbal 
portion  of  the  vaier-mored  mam  bmngs  to  the  boulder  ctay  formnr 
lion.  There  is  no  ezposare  in  the  sea-«li&  and  in  the  interior,  bat  tbe 
superficial  grarel  and  aflorium  conceal  ererrthiiig*,  and  in  tbe  sonib 
of  the  iftfauid  ve  hare  erideace  of  its  exigence  through  the  whole 
of  the  limestone  basin.  All  along  the  coast  it  appears  as  a  loamy 
clay  resting  immediately  on  the  older  rocks,  and  occasionally  we  find 
thicker  patches  of  it  containing,  in  the  greatest  abundance,  scratched 
fragments  of  tbe  limestones,  Ac.  of  this  basin,  witb  a  few  rounded 
pcMiles  of  the  foreign  rocks  before  mentioned.  The  mass  of  it  form- 
ing Hango  Hill,  at  tbe  head  of  Castletown  Bay;  exhibited  in  the 
annexed  sketch,  and  presenting  a  cliff  to  the  south  twenty-four  feet  in 

Tbe  cliff  at  Haxco  Hill,  near  CASTLirovir. 

1 
i.  Modem  ndMd  bearfa  of  Krarel  sad  iliinfle,  with  bonet  of  mumnalia. 
9.  AaricBt  labtd  beach  eonaiatinf  of  Sna  «ad  aCntiSad. 
3.  ItrdimenA. 

I .  Boulder  day  wHh  aafvlar  aerateliad  boolden  of  fisMaloiie  and  aoma  fovndad  pitiHw  «f 
fofngBroou* 

height,  aflTords  an  excellent  study  of  the  general  arrangement,  though 
tbe  clay  at  the  base  is  mostly  covered  up  by  the  sands  of  tbe  present 
8ca-l)each.  The  blocks  of  limestone  (some  weighing  upwards  of  a  ton), 
almost  angular,  witb  parallel  scratcbings  on  their  broader  faces,  lie 
pibfd  one  over  the  other  in  tbe  utmost  disorder,  like  masses  of  ice 
drifted  down  a  stream  ader  a  thaw.  They  all  have  the  appearance 
of  having  come  from  Skillicorc,  near  Coshnahawin,  a  mile  and  a  half 
to  the  north-eastward,  where  the  beds,  having  been  altered  by  heat 
and  traversed  by  deep  intersecting  cracks,  break  up  naturally  into 
rhoniboidal  blocks,  which  are  largely  used  for  building  purposes. 

Hut  the  best  evidence  of  the  direction  in  which  the  drifting  cur- 
rent has  most  powerfully  acted  is  seen  near  the  Stack  of  Scarlet^  on 

•  Two  rowl  cuttings  made  in  the  spring  of  the  present  year  (1846),  the  one  at 
Doiigloii  and  the  other  at  Psel,  exhibit  the  itratified  drift  graTel  resting  upon 
inasicN  of  the  boulder  formation  from  twenty  to  thirty  feet  thick. 
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the  west  side  of  Castletown  Bay,  under  the  lime-kilns.  The  lime- 
stone rising  there  on  a  steep  inclination  is  most  distinctly  grooved 
and  scratched  in  parallel  lines,  the  direction  being  magnetic  east  and 
west*.  We  have  similar  groovings,  and  with  the  same  bearings,  on 
the  surface  of  the  Posidonia  schist,  in  the  east  of  Poolvash  Bay,  near 
the  marble  quarry  f.  Now  had  the  drifting  current  come  from  the 
W.S.W.,  it  would  almost  necessarily  have  carried  along  with  it,  in 
passing  over  Scarlet  Head,  some  of  the  trap-tuff  and  fragments  of 
the  Posidonia  schist ;  but  at  the  before-mentioned  locality  near  the 
Stack,  where  the  scratchings  and  the  boulder  clay  are  well  seen,  and 
which  is  only  a  few  hundred  feet  to  the  eastward  of  the  trap-tuA',  I 
have  not  yet  found  a  single  fragment  of  this  rock,  though  there  occur 
in  it  pebbles  of  the  Old  red  conglomerate,  and  some  of  the  foreign 
rocks  to  which  we  have  already  assigned  a  Lower  Silurian  origin. 
The  same  conviction  as  to  the  direction  of  the  drift  arises  from  an 
examination  of  the  colour  of  the  boulder  clay  where  it  is  in  contact 
with  the  subjacent  rock.  In  Poolvash  Bay,  to  the  westward  of  the 
trap-tuff,  it  is  of  a  yellowish  brown  colour,  and  very  ochreous.  Near 
the  Stack  of  Scarlet  it  is  dark  blue,  having  obtained  its  materials 
from  the  dark  limestones  and  shales  of  Castletown  Bay.  Further  to 
the  eastward  we  find  it  on  the  Brough,  of  a  reddish  brown  tinge, 
which  it  seems  to  have  derived  from  the  beating  of  denuding  waves 
upon  the  escarpment  of  the  Old  red  conglomerate  above  Coshna- 
hawin  Head.  At  Port-le-Murray  again,  near  the  lime-Jiilns,  it  is  of 
a  dingy  dark  blue  colour,  possibly  obtained  from  the  older  dark  lime- 
stones and  shales  of  Poolvash  Bay. 

The  best  development  of  the  boulder  formation  inland  is  in  the 
valley  westward  of  the  Creggins,  where  it  is  laid  bare  by  the  con- 
tinued erosion  of  the  Castletown  river.  The  difficulty  before  men- 
tioned, of  distinguishing  the  more  gravelly  portions  of  the  boulder 
clay  from  the  drift,  renders  it  uncertain  whether  the  rounded  hill 
above  Kushen  Abbey  |,  to  the  north-east  of  Ballahot  (1 15  feet  above 
the  level  of  the  sea),  should  be  considered  as  belonging  to  the  for- 
mer deposit ;  but  it  appears  in  every  respect  similar  to  the  Brough, 
and)  like  it,  rests  upon  a  sudden  elevation  of  the  Old  red  conglomerate. 
There  has  probably  been  large  denudation  of  the  more  sandy  upper 
portions  of  this  deposit,  which  has  been  partly  re-arranged  in  the  lower 
level  of  the  southern  basin.  It  is  not  clearly  exhibited  in  any  emi- 
nence westward  of  Malew  Church ;  but  as  there  is  some  appearance 
of  it  on  the  banks  of  the  stream  near  Colby,  and  it  is  distinct  along 
the  sea-shore  to  the  south  of  Kentraugh  and  Mount  Gawne,  and  su 
round  to  Port-le-Murray,  we  may  safely  regard  it  as  forming,  either 
in  its  original  or  re-arranged  condition,  the  substratum  next  above 
tlic  older  rocks  in  most  parts  of  this  basin ;  it  appears  also  to  form 

*  It  is  perhaps  well  to  observe  that  this  direction  is  not  the  dip  of  the  subjacent 
scratched  limestone,  which  is  more  to  the  south,  though  varying. 

t  The  limestone  at  Perwick  Bay  is  scratched  and  grooved  with  nearly  the  same 
bearings,  but  directed  rather  more  to  the  bouth,  as  we  should  expect,'the  current 
being  turned  in  that  direction  by  the  coast.    See  Map  of  the  Island,  Plate  XIV. 

%  All  the  hills  in  this  neighbourhood  have  greatly  the  character  of  the  Scandi' 
navian  trainees  or  osar,  the  longer  axis  nmning  from  N.E.  by  E. 
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the  anoborage  of  toagli  clay  in  Castletown  and  Port-le-M urray  BajSy 
for  which  reason  it  is  inserted  conjectarally  in  the  sections  made 
across  the  basin  over  those  areas  (see  Plate  XVII.  fig.  3). 

There  are  certain  appearances  in  the  boulder  clay  formation  in  the 
neighbourhood  of  Ronaldsway,  which  may  lead  to  the  conclusion  that 
the  disturbance  which  has  produced  the  cracks  and  faults  running 
N.  80^  £.  mag.,  and  nearly  at  right  angles  to  that  direction,  did  not 
take  place  till  after  some  deposit  of  the  boulder  clay.  Whenever 
that  disturbance  did  take  place,  it  appears  to  have  been  accompanicK! 
with  a  discharge  of  heated  gaseous  vapours  with  acids,  since  the  lime- 
stone along  the  cracks  and  upheaved  portions  has  become  burnt,  cry- 
stalline and  metamorphic.  But  what  is  most  remarkable  is,  that 
the  boulder  formation  is  also  in  some  way  affected  in  the  same 
spots,  parts  of  it  having  become  a  hard  and  burnt-looking  mass, 
which  has  resisted  the  action  of  the  sea,  whilst  the  rest  has  been  de- 
nuded from  the  unaltered  limestone  in  the  immediate  neighbourhood. 
It  may  be  possible  to  explain  this  pha^^nomenon  by  supposing  that  a 
cementing  matter  has  in  some  way  been  obtained  from  the  subjacent 
altered  limestone,  by  long-continued  contact  and  the  action  of  water. 
If  however  the  former  hypothesis  be  adopted,  it  will  also  enable  us 
to  account  for  the  elevated  position  of  the  boulder  deposit  on  the 
Brough  above  Coshnahawin,  and  may  assist  in  determining  that  the 
second  of  the  disturbances  which  effected  the  elevation  of  that  hill, 
was  that  which  passed  in  a  direction  nearly  compass  east  and  west, 
producing  also  faults  which  run  nearly  compass  north  and  south*. 

Upon  a  general  review  of  the  boulder  clay,  or  pleistocene  forma- 
tion of  this  island,  it  seems  not  unreasonable  to  conclude  that  there 
was  a  more  arctic  climate  at  the  period  of  its  deposit  than  now  ex- 
ists in  this  latitude.  If  we  examine  carefully  the  striations  upon 
the  subjacent  rocks,  we  shall  perceive  that  many  of  them  are  not 
continuous,  but  have  the  appearance  of  being  struck  out  by  a  sharp 
blow  of  some  hanl  object  brought  suddenly  in  contact  and  then 
passing  over  the  surface.  I  have  examined  very  closely  the  action 
of  the  waves  of  the  present  sea  driving  boulders  over  the  surface  of 
the  limestone  where  it  is  exposed  in  many  places  to  the  action  of  the 
breakers,  and  can  perceive  no  similar  effect  now  produced;  and  I  am 
rather  inclined  to  believe  in  the  action  of  ice  drifting  from  the  E.N.E., 
conveying  fragments  of  the  rocks  from  the  north-west  of  England  and 
south  of  Scotland,  scratching,  grinding  down  and  polishing  all  the 
more  prominent  surfaces  in  the  different  channels  through  which  it 
might  be  compelled  to  pass.  We  can  readily  conceive  that  in  such  a 
sea  the  action  of  the  breakers  driving  forward  frozen  masses  of  gra- 
vel and  boulders  would  have  a  powerful  effect  in  the  degradation  of 
the  shores ;  and  also  that  large  accumulations  of  detritus  from  the 
clay  schists  of  the  higher  portions  of  the  island  (reaching  to  a  height 
of  between  1500  and  2000  feet)  would  be  brought  down   by  the 

*  I  had  long  sought  for  some  fragment  of  the  Barrule  granite  in  the  boulder 
clay,  and  very  lately  I  have  succeeded  in  obtaining  two  rounded  boulders  of  this  rock, 
which  however  have  set  at  rest  the  question  as  to  whether  that  granitic  boas  had 
been  upheaved  before  the  boulder  clay  was  deposited. 
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melting  of  snow  and  ice,  and  spread  out  quietly  in  the  surrounding 
waters.  There  appears  no  necessity  for  supposing  any  extraordinary 
rush  of  water  or  more  powerful  waves  or  currents  than  there  are  at 
present*,  but  simply  a  difference  of  climate. 

2.  Diluvium, — To  this  series  of  depa<iits  I  refer  certain  beds  of 
yellow  sandy  loam  with  patches  of  gravel  and  rounded  masses  of 
insular  rock.  It  is  developed  on  the  mountain  sides  and  filling  up 
the  valleys,  being  cut  through  by  the  mountain  torrents,  which  thus 
leave  flat  terraces  from  thirty  to  forty  feet  above  the  present  level  of 
the  streams.  This  remarkable  formation  was  noticed  by  Dr.  Mac- 
cuUoch,  who  gives  it  as  his  opinion  that  "  its  origin  cannot  appa- 
rently be  traced  either  to  the  present  or  former  action  of  rivers, 
since  it  is  equally  deep  and  predominant  even  where  water  could 
never  have  flowed,  but  that  it  is  due  to  a  general  diluvial  action 
from  the  south  towards  the  north."  I  think  it  however  more  proba- 
ble  that  the  transporting  action  has  come  in  nearly  the  opposite  di- 
rection, namely  from  north  to  south,  or  perhaps  from  the  north-eastf* 
In  the  south  of  the  island  the  deposit  contains  boulders  of  the  Bar- 
rule  granite,  and  masses  of  quartz-rock  and  metamorphic  schist,  de- 
rived apparently  from  the  same  locality,  and  does  not  contain,  so 
far  as  I  have  hitherto  observed,  any  masses  of  the  limestone  of  the 
southeni  basin,  even  where  overlying  the  limestone,  being  remark- 
ably deficient  in  this  respect 

It  is  possible  to  account  for  a  large  portion  of  these  accumulations 
in  the  inland  valleys  and  on  the  slopes  of  the  mountains,  on  the 
simple  hypothesis  before  suggested,  of  an  arctic  climate  existing  at 
the  period  of  the  formation  of  the  boulder  clay. 

The  whole  of  the  south-eastern  side  of  the  chain  of  South  Barrule, 
as  far  south  as  Perwick  Bay,  is  however  scattered  over  with  blocks  of 
the  insular  granite  j;.  Now  it  is  easy  to  imagine  a  transporting  action 
from  the  north-east  sufficiently  powerful  to  drive  these  boulders 
along  the  slope  of  the  mountain  range  from  the  granitic  boss  on  the 
eastern  side  of  South  Barrule.  But  the  most  remarkable  circum- 
stance is,  that  these  boulders  are  found  not  only  on  the  south-eastern 
side  of  the  ridge,  but  on  the  very  top  of  it,  and  driven  over  to  the 
western  side ;  they  are  even  plentiful  on  Irey-na-Laa,  and  may  be 
seen  on  its  very  summit,  and  occur  on  the  western  slope  down  to 
Dal  by  Head.  Further  than  this,  there  is  one  large  boulder,  weigh- 
ing apparently  more  than  two  tons,  on  the  western  side  of  South 
Barrule,  within  a  hundred  feet  of  the  summit,  and  several  a  few 
hundred  yards  to  south-west,  at  a  little  lower  level.  To  reach  this 
point  from  the  granitic  boss  on  the  eastern  side  of  South  Barrule,  the 
boulders  must  have  been  driven  600  feet  in  perpendicular  height  up 

*  The  current  now  runs  at  the  rate  of  eight  or  nine  miles  an  hour  in  some 
states  of  the  tide,  between  the  Calf  of  Man  and  the  main  island. 

t  From  observations  recently  made  on  South  Barrule,  I  am  now  inclined  to  con- 
sider that  the  diluvial  action  was  directed  from  a  more  easterly  point. — June  1846. 

t  They  occur  near  Arrogao-beg  in  Santon  parish,  on  the  Brough,  on  the  Douglas 
road  near  BalUsalla,  and  on  the  peninsula  of  Langness,  which  are  points  varying 
from  S.E.  to  S.  by  £.  from  the  granitic  boss  on  South  Barrule.  See  Plates  XIY. 
andXV. 
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the  steep  face  of  the  eastern  side  of  the  mountain,  and  rolled  down 
on  the  other  side.  The  granite  blocks  appear  quite  distinct  from 
any  Irish  granite,  and  in  no  respect  differ  from  the  insular  kind 
wherever  that  is  seen  in  situ*, 

3.  Drift  Gravel. — It  would  seem  that  a  deposit  of  this  kind  has  at 
one  time  been  extensively  distributed,  but  has  suffered  greatly  darii^ 
the  partial  upheavals  of  the  whole  island,  and  the  constant  beating 
of  the  sea  into  the  insular  valleys.  It  is  generally  found  capping  the 
lower  hills,  and  sometimes  spreading  out  in  extended  platforms,  as 
in  the  parishes  of  Andreas  and  Jurby,  and  in  the  Vale  of  St.  John's. 
This  deposit  exhibits  all  the  appearances  of  an  ordinary  sea-beach, 
consisting  of  beds  of  pebbles,  shingle,  gravel  and  sand  irregulariv 
stratified,  and  it  contains  (in  addition  to  the  insular  rocks)  chalk 
flints.  These  are  not  uncommon  even  in  the  south  of  the  island, 
and  have  been  found  in  digging  the  foundations  of  houses  in  the 
higher  part  of  Castletown.  The  sifled  gravel  is  the  great  material 
for  road-making  in  the  northern  parishes,  and  is  found  reaching  to 
a  height  of  more  than  sixty  feet  above  the  present  high-water  mark. 
It  caps  the  old  red  sandstone  and  the  boulder  formation  at  Peel,  and 
occurs  on  the  western  side  of  the  Calf  of  Man.  I  consider  it  to  be 
a  drift  from  the  north-west t»  and  deposited  when  the  level  of  the 
land  was  from  sixty  to  eighty  feet  lower  than  at  present.  Its  oc- 
currence in  the  Castletown  basin  is  easily  accounted  for  by  remem- 
bering that  a  channel  would  then  exist  from  Port-le-Murray  to  Port 
Erin ;  and  in  the  same  way,  by  the  central  valley  from  Douglas  to 
Peel,  we  may  account  for  the  patch  of  this  gravel  near  the  Douglas 
Light-house  and  in  the  upper  part  of  the  town  of  Douglas. 

The  denudations  of  this  drift  during  the  subsequent  upheaval  of 
the  island  are  extremely  interesting.  The  extensive  swamp  of  the 
Curragh,  in  the  north  of  the  island,  seems  to  repose  in  a  hollow 
scooped  out  in  it,  so  that  in  proceeding  northward  from  the  Cur- 
ragh you  ascend  at  once  upon  the  platform  of  gravel  and  sand, 
which  appears  to  form  a  kind  of  fringe,  like  the  banks  of  some 
large  inland  lake.  The  same  is  the  case  in  the  Vale  of  St.  John's, 
where  the  turf  bogs  lie  in  hollows  formed  in  a  similar  way.  But 
the  most  remarkable  appearances  are  in  the  southern  basin  of 
the  island,  and  give  the  impression  that  the  great  denuding  action 
has  come  from  the  south-west  by  south,  or  up  the  Irish  Channel,  as 
this  is  the  direction  of  the  long  valleys  which  run  down  to  the  sea 
and  form  the  river-courses.  Doubtless  this  form  has  been  aided  by 
the  circumstance  that  the  strike  of  the  undulations  of  the  subjacent 
limestone  runs  in  general  in  this  same  direction ;  and  it  is  highly 

*  I  believe  there  is  no  point  north  or  north-west  of  Rarrule  at  wliich  the  gra- 
nite is  developed,  as  I  have  crossed  Slieuhallin  (the  most  likely  point  for  its  de- 
velopment) and  inquired  for  it  in  vain  amongst  the  miners  in  that  neighbouiiiood. 
-  The  existence  of  granite  in  this  district  would  indeed  relieve  us  from  a  god- 
tiderable  difficulty,  as  we  can  hardly  otherwise  understand  the  phenomena  pr6- 
sented  in  the  distribution  of  the  boulders. 

t  There  is  however  no  necessity  for  supposing  any  other  currents  than  tlMM« 
at  present  existing  in  the  Irish  Sea,  and  the  materials  of  this  drift  gravel  are  evi- 
dently derived  in  great  part  from  the  boulder  formation. 
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interesting  to  observe  how  the  axis  formed  by  the  eruption  of 
trap-rocks  at  right  angles  to  this  direction  from  the  Stack  of  Scarlet 
to  Poolvash,  and,  again,  the  elevation  of  the  mass  of  limestone  form- 
ing the  Ballad oole  Hill,  has  acted  as  a  barrier  against  this  south-west- 
by-south  denudation.  The  effects  of  the  denuding  action  when  the 
sea  was  at  a  higher  relative  level,  and  flowed  over  the  low  barrier 
extending  from  the  Stack  of  Scarlet  to  Poolvash,  are  somewhat 
singular. 

We  observe  a  series  of  rounded  hills  (PL  XVII.  fig.  1 )  situated 
on  a  line  from  the  Brough  towards  Kirk  Arbory,  the  most  remarkable 
being  that  above  the  Creggins,  and  at  Sky  bright  near  Malew  Church. 
They  present  the  appearance  of  bosses  of  an  oblate-hemispheroidal 
shape,  and  consist  of  masses  of  drift  gravel  and  sand.  They  have  per- 
haps formed  (when  the  land  was  at  a  lower  level)  a  continuous  line  of 
sea-beach  since  broken  through  by  a  rush  of  water  from  the  N.E.byE., 
or  they  are  the  relics  of  the  former  highest  level  of  the  drifl,  and  were 
produced  by  the  beating  about  of  different  currents  during  a  period 
of  elevation.  And  we  may  observe  (as  in  some  respects  connected 
with  this  last  view)  a  similar  conformation  in  the  chain  of  low  hills 
(reaching  to  about  the  same  height)  running  from  Point  Cranstal 
to  Blue  Head.  This  chain  exhibits  an  appearance  of  having  been 
a  sand-bank  extending  in  a  line  parallel  to  the  ancient  northern 
coast  of  the  island,  at  the  distance  of  four  miles  from  it. 

The  neighbourhood  of  the  Creggins,  and  the  valley  down  which 
the  Castletown  river  runs,  are  well-worthy  of  study,  as  presenting 
some  of  the  most  striking  features  of  a  country  denuded  by  water  at 
different  levels.  I  have,  however,  no  new  facts  to  offer  with  regard 
to  the  age  of  these  formations,  as  I  cannot  with  certainty  refer  to 
them  a  few  shells  of  recent  species,  with  bones  of  mammalia,  obtained 
near  the  surface ;  since  in  these  places  it  is  doubtful  whether  they 
may  not  belong  to  a  more  modem  raised  beach,  of  which  notice  wiU 
be  presently  taken,  and  which,  partly  covering  up  the  older  alluvium, 
is  of  considerable  interest  as  indicating  an  oscillatory  movement  of 
the  land. 

4.  AUuvial  Beda^'-^li  has  just  been  stated  that  the  alluvial  de- 
posits of  the  island  rest  for  the  most  part  in  large  hollows  formed 
by  the  denudation  of  the  drift  gravel  and  sand  down  to  the  boulder 
clay,  and  in  some  instances,  in  the  south  of  the  island,  down  to  the 
fundamental  limestone.  The  numerous  mountain  torrents  flowing 
into  these  hollows  have  afforded  abundant  material  for  sedimentary 
deposits  wherever  the  imperfect  drainage  of  the  country  has  given 
opportunity  for  the  spreading  out  of  tranquil  waters  into  inland  lakes 
or  sheltered  estuaries. 

The  existence  of  such  lakes  to  a  large  extent,  even  within  the 
historical  period,  is  attested  by  ancient  records,  and  by  the  names  of 
several  places  on  the  island*,  while  four  of  them  are  inserted  in  a 
map  of  the  island  published  in  1595.     Those  in  the  north  were 

*  Thus  we  have  Ballaugh  (Balla  lough — the  place  of  the  lake)  in  the  north, 
and  Balla-lough,  near  CaaUetown,  ia  the  south.  Al«o  BlUn-vaae  (White-iiland), 
near  Lezayre.  .  * 
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drained  by  a  deep  cutting  towards  the  close  of  the  seventeenth 
century.  I  cannot  help  thinking,  however,  that  these  lakes,  and  their 
resulting  deposits  of  shell  marl,  were  of  recent  date  compared  with 
another  alluvium  which  originally  occupied  the  entire  basin  of  the 
Curragh  from  sea  to  sea,  and  was  widely  spread  over  the  low  grounds 
of  the  southern  basin  of  the  island. 

The  marl,  which  is  used  largely  in  the  northern  districts  for  agri- 
cultural purposes,  is  of  three  kinds,  a  reddish-brown  marl  being 
obtained  in  the  parishes  of  Kirk  Bride  and  Andreas,  a  bluish-brown 
marl  generally  raised  in  Jurby  parish,  while  a  light-coloured  shell 
marl  chiefly  prevails  in  Ballaugh.  The  first  evidently  belongs  to  the 
boulder  clay  formation,  the  second  is  perhaps  the  older  alluvium,  and 
the  third  is  the  depositof  the  lakes  drained  in  the  seventeenth  century. 

It  has  been  stated  that  the  remains  of  the  Irish  Elk  {Megaceros 
hihemictis)  have  only  been  found  in  this  last  deposit,  the  shell  marl ; 
but  I  have  myself  discovered  them  in  the  blue  marl  of  the  south  of 
the  island,  which  I  believe  to  be  identical  with  the  blue  marl  of  the 
north  or  Jurby  marl.  The  bog  timber  is  generally  procured  from 
the  turf,  which  is  in  many  places  from  ten  to  twelve  feet  thick.  It 
is  stated  in  SacheverelFs  *  History  of  the  Isle  of  Man,'  published 
in  1702,  that  tree^  of  very  large  dimensions  had  been  found  in  the 
Curragh,  twenty  feet  below  the  surface,  with  their  roots  firm  in  the 
ground  and  their  trunks  laid  over  in  a  north-easterly  direction*. 
Dr.Macculloch  also  mentions,  and  living  witnesses  have  confirmed  the 
statement,  that  twenty  years  ago,  after  a  violent  storm,  lasting  three 
days,  the  sands  in  Poolvash  Bay  being  denuded  in  front  of  Mount 
Gawne,  trunks  of  trees  were  discovered  lying  prostrate  towards  the 
north,  as  if  overthrown  by  the  force  of  waves  coming  in  upon  them 
from  the  south.  In  the  autumn  of  1845  I  discovered,  about  a  mile 
to  the  east  of  Mount  Gawne,  at  the  mouth  of  Strandhall  brook,  be- 
twixt high  and  low  water,  a  bed  of  turf  one  foot  thick,  and  the 
trunks  of  trees  (oak,  ash  and  fir),  of  which  I  counted  eight  in  an 
erect  position,  and  traced  the  roots  of  one  (an  oak)  several  feet  in 
the  stiff  alluvial  blue  loam,  which  was  evidently  the  subsoil  upon 
which  the  trees  grewf-  The  alluvium  (which  is  here  not  more  than 
three  feet  thick)  rests  in  part  upon  the  nearly  horizontal  limestone 
and  in  part  on  a  denuded  bed  of  the  boulder  clay,  and  is  situated 
at  the  opening  towards  the  sea  of  one  of  the  valleys  of  denudation. 
A  few  yards  to  the  east  and  west  of  this  submerged  forest  we  have 
a  raised  beach  of  a  recent  period.  It  is  possible  at  this  particular 
spot  to  explain  the  pheenomenon  by  supposing  the  bank  driven  back 
upon  the  land,  and  that  formerly  it  intervened  between  this  forest 
and  the  sea,  and  by  a  partial  damming  up  of  the  water  of  the  stream 
formed  a  swamp,  and  the  alluvial  deposit  in  which  the  turf  and  trees 
grew.     However  this  may  be,  it  is  certain  that  this  same  alluvial 

*  Bishop  Wilson,  in  his  '  History  of  the  Isle  of  Man/  notices  the  remarkahle 
occurrence  of  a  layer  of  peat  for  some  miles  together,  under  a  layer  of  gravel,  clay, 
or  earth,  two  or  three,  or  even  four  feet  thick. 

t  It  is  singular  that  the  trunk  of  an  oak-tree  which  has  been  removed  from  the 
submerged  forest  at  Strandhall  exhibits  upon  its  surface  the  marks  of  a  hatchet. 
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marl  is  covered  up  in  the  neighbourhood  by  a  recent  marine  forma- 
tion. The  greater  part  of  the  almost  flat  country  extending  from 
near  Castletown  to  Kirk  Christ's  Rushen  has  evidently  been  sub- 
merged after  the  deposit  of  blue  marl.  From  this  blue  marl  on  the 
Balladoole  estate,  at  a  depth  of  six  feet,  I  recently  obtained  the 
portion  of  the  right  pelvis  of  a  MegaceroSj  and  at  the  same  place, 
reposing  on  the  blue  marl,  we  have  two  feet  of  marine  sand,  in 
which,  at  the  distance  of  a  few  hundred  yards,  at  a  spot  lying 
between  Balladoole  and  Scarlet  House,  there  is  a  complete  bed  of 
recent  marine  shells.  I  consider  that  the  submergence  which  buried 
the  blue  alluvial  marl  was  to  the  amount  of  at  least  twenty  feet,  as 
the  recent  beds  are  seen  at  that  elevation  on  Hango  Hill,  and  the 
before-mentioned  spot  near  Scarlet,  where  the  marine  shells  occur, 
is  not  less. 

Should  the  evidence  of  the  overthrown  trees,  both  in  the  Curragh 
and  in  Poolvash  Bay,  and  the  occurrence  of  beds  of  gravel  in  the 
latter  place  (to  the  northwards),  suggest  the  idea  of  a  sudden  de- 
pression of  the  land,  perhaps  the  occurrence  in  the  south  of  the  island 
of  beds  of  recent  marine  shells  at  different  levels,  and  the  appear- 
ance of  terraces  in  some  of  the  southern  valleys,  may  be  looked  upon 
as  evidence  that  the  subsequent  emergence  was  gradual,  or  occurred 
at  intervals.  Whether  the  human  race  inhabited  the  island  at  the 
time  of  the  older  alluvium  will  admit  of  question ;  but  the  Elk,  which 
at  any  rate  was  then  existing,  may  have  continued  as  an  inhabitant 
of  the  hiUs  at  the  time  of  the  submergence  of  the  lowlands,  of  which 
he  resumed  the  occup^cy  when  the  final  emergence  subsequently 
took  place,  and  those  insular  lakes  were  formed,  in  which  (imbedded 
in  the  clay  marl)  we  And  the  remains  of  this  singular  animal  asso- 
ciated with  the  implements  of  human  art  and  industry,  though  of  an 
uncouth  and  ancient  character. 

Concluding  Remarks. — Upon  a  general  review  of  the  facts  which 
have  been  adduced,  I  have  now  in  conclusion  to  offer  the  following 
summary. 

At  the  period  of  the  deposition  of  the  boulder  formation,  the 
present  Isle  of  Man,  with  the  Calf  of  Man,  must  have  existed  as  a 
chain  of  certainly  four,  probably  more  than  four,  small  islands. 
These  were,  first,  the  Calf  of  Man,  nearly  as  at  present ;  then  to 
the  north  of  this  an  island  lying  between  the  Kitterland  Strait  and 
a  line  running  from  Port-le-Murray  to  Port  Erin  ;  and  another  or 
third  island  betwixt  a  channel  in  this  last  direction  and  another 
channel  running  from  Douglas  to  Peel.  A  fourth  island  also  pro- 
bably extended  to  the  north,  as  far  as  a  curved  line  drawn  from 
Ramsey  to  Kirk  Michael,  the  sea  at  that  time  flowing  over  an  entire 
area  of  nearly  fifty  square  miles  which  now  constitutes  the  north- 
em  tertiary  district  of  the  present  Isle  of  Man. 

Presuming,  from  the  character  of  the  fossils,  that  there  existed  a 
climate  much  more  excessive  than  that  which  is  now  met  with  in  the 
island,  and  which  we  may  call  Arctic,  we  have  the  conditions  neces- 
sary for  the  origin  of  the  boulder  clay  formation  in  the  drifting  of 
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icebergs  through  various  channels,  and  the  thrusting  forwards  i 
of  frozen  gravel  along  and  upon  the  coasts,  the  general  drifting  cur- 
rent coming  from  E.N.E.  At  a  subsequent  period,  and  during 
convulsion  and  general  disturbance  (possibly  not  unconnected  with 
the  latest  upheaval  of  the  insular  mountain  chain*),  enormous  waves 
appear  to  have  swept  the  bland  from  the  N.E.,  or  N.E.  by  E., 
depositing  erratics  on  the  highest  points,  and  filling  up  the  valleys 
with  an  accumulation  of  diluvium.  The  drift  gravel  may  be  con- 
sidered as  merely  the  subsequent  spreading  out,  with  greater  uni- 
formity, of  the  same  material  over  the  then  sea-bottom ;  and  it  is 
not  unreasonable  to  conclude  also,  that  there  had  been  through  the 
whole  of  this  period  a  filling  up  of  the  area  of  the  Irish  Sea,  so  that 
on  its  subsequent  elevation  the  present  Isle  of  Man  was  connected 
with  the  surrounding  countries.  The  preservation  of  the  tertiary 
beds  of  this  island  from  the  continued  destruction,  which  enabled 
the  sea  to  recover  so  large  a  portion  of  its  ancient  area,  is  evidently 
due  to  the  configuration  and  position  of  the  island  ;  whibt  the  for- 
mation of  the  valleys  of  denudation,  and  the  hollows  in  which  the 
ancient  alluvia  repose,  seem  to  indicate  that  there  was  at  first  a 
gradual  rise  terminating  in  a  sudden  elevation  of  thb  area.  But 
further  facts  have  been  adduced  pointing  to  its  subsequent  sub* 
mergence,  followed  again  by  a  second  partial  emergence,  and  this 
latter  movement  has  left  the  Isle  of  Man  as  a  nucleus  of  paloeozoic 
rocks,  fringed  with  tertiary  marine  and  freshwater  formations  be* 
longing  to  the  most  recent  geological  period. 


of  the  Isle^Man^  coUected  by  the  Bev.  J.  G,  Cummin^  and  nanud 


AFPEVi>iXj^^LUt  <f  Fossils  from  the  Pleistocene  Marine  Formation 

oftheIsk(^Man,ci "^ 

by  Prof.  E.  Forbes. 

Pectunculus  pilosus. 
Cyprina  islandica, 
Astarte  gairensis  ? 
Artemis  exoleta  ?  (fragments). 
Astarte  damnoniensis. 

pisiformis  ?  f 

Venus  casina. 

Pullustra  decussata  ? 

Nncnia  rostrata  (oblonga  of  authors). 

minuta. 

Cardium  cdule? 

IsBvigatum. 

Tellina  solidula. 
Dental  ium  en  talis. 

*  It  may  be  useful  to  obiervc,  that  the  direeiion  of  the  great  fault  lifting  Sooik 
Darrule,  and  producing  cracks  at  right  angles,  coincides  exactly  with  the  line  of 
those  disturbances  and  cracks  in  the  neighbourhood  of  Konaldsway  and  Coshna- 
bftwin,  the  occurrence  of  which  after  the  deposition  of  some  portion  of  the  boolder 
formation,  I  have  before  shown  as  not  altogether  improbable. 

t  Named  by  Mr.  G.  B.  Sowerby. 
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Patella  vulgata. 
Turritella  tcrebnu 
Fusus  Bamfius. 

scalariformis, 

antiquus. 

■  cincreus*,  Say.    (An  American  species,  according 

to  Mr.  G.  B.  Sowerby.) 
A  variety  of  the  same,  or  possibly  a  distinct  species. 
Pleurotoma  turricula. 
Murex  erinaceus. 
Buccinum  undatum,  var.  tenemin, 
A  variety  of  Buccinum  undatuui  ?  resembling  Nassa  reti- 

cosa. 
Purpura  lapillus. 
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PukT«  XIV. 

1.  General  Map  of  the  Islr  op  Man,  corrected  by  the  Author,  and  gedlogicaUy 
coloured. 

[In  this  map  the  ))cds  are  coloured  to  the  outer  linci  which  represents  the  coast 
at  low  water.] 

2.  General  Section  across  the  south-western  part  of  the  island  from  Lhergydoo, 
north-cast  of  Peel,  to  Langness  Point,  south-east  of  Castletown. 


Plate  XV. 

Geological  Map  of  the  limestone  basin,  and  other  parts  of  the  southern  district 
of  the  island,  as  it  is  su])poscd  they  would  be  seen  if  denuded  of  the  tertiary  for- 
mations. This  map  exhibits  the  relations  of  the  Carboniferous  series  to  the  older 
Palaeozoic  formations,  together  with  the  undulations  causc<l  by  the  intrusion  of 
igneous  rocks  and  the  principal  axes  of  disturbance. 


Plate  XVI. 

1.  Ground  plan  (geologically  coloured)  exhibiting  the  details  of  the  coast  from 
Ronaldsway  near  Dcr])y  Haven  to  Coshnahawin  at  the  mouth  of  the  Santon  River, 
and  marking  the  position  of  the  faults,  cracks  and  axes  of  disturbance  connected 
with  the  elevation  of  the  Urough  and  the  formation  of  a  scries  of  bosses  along  one 
of  the  lines  of  disturbance. 

2.  Section  exhibiting  the  contorted  limestones  and  trap  at  Scarlet  Stack  near 
Castletown. 


♦  This  is  Mr.  Strickland's  Fusut  Forbesii, 
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Plat.  XVII. 

SscnoNS  in  the  Islbof  Man,  exhibiting  the  amngement  of  the  Sootbem  Bttim 
and  of  the  Tertiary  Deposits  in  the  neigfaMmrhood  of  Bamsej. 

SscTioN  1.  nrom  Balla  Gawne,  near  Kirk  Christ's  Rushen,  to  Coehnahawin  aft 
the  mouth  of  Santon  Riyer,  exhibiting  the  effects  of  denudation  on  the  fertiaiy 
beds,  and  illnstiiting  the  formation  of  allovial  basins. 

Sscnoir  2.  From  Scarlet  Head  to  Umber  Hill  near  Ballasalla. 

Section  3.  From  Perwick  Bay  near  Port-le-Murray  through  Pooltaah  and 
Castletown  Bays  to  the  sea-coast  at  Langness  Farm,  illustrating  the  formation  of 
the  stratified  trap-taff  with  the  included  Posidonia  schist. 

N.B.  These  three  sections  are  not  seen  continuously  on  the  coast  line,  and  are 
In  some  parts  theoretical  as  respects  the  palaeozoic  formations. 

Section  4.  Coast  section  exhibited  south  of  Ramsey,  showing  the  boulder  clay 
formation  partly  denuded  and  overspread  by  drift  gravel,  boulders  and  sand,  the 
latter  much  waved. 

Sections  5,  6.  These  sections  are  intended  to  illustrate  the  elevation  of  the 
Brough  at  the  mouth  of  the  Santon  River.  The  letters  of  reference,  O  P,  R  S,  re- 
fnr  to  the  ground  plan,  Plate  XVI.,  and  the  Sections  are  exhibited  in  the  cliffs,  the 
observer  being  supposed  to  look  towards  the  south-west  in  the  diagram  marked  (5) 
■nd  north-east  in  that  marked  (6). 


Oroj^  ^W  ,  Sitm    fh/  r  Ff  ZPTf. 
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James  Matheson,  Esq.,  M.P.,  F.R.S.,  and  Joshua  Richardson, 
Esq.,  were  elected  Fellows  of  the  Society. 

The  following  communication  was  read  : — 

On  the  Superficial  Detritus  of  Sweden,  and  on  the  Probable  Causes 
which  have  affected  the  Surface  qfthe  Rochs  in  the  Central  and 
Southern  portions  of  that  kingdom.  By  Sir  Roderick  Impey 
MuRCHisoN,  G.C.S.,  F.R.S.,  V.P.G.S.,  Memb.  of  the  Imp.  Ac. 
Sc  St.  Petersburg,  and  Corr.  Memb.  of  the  Royal  Institute  of 
France. 

In  the  work  on  Russia  and  the  adjoining  countries  published  by  M. 
de  Verneuil,  Count  Keyserline  and  myself,  the  subject  of  the  erratic 
and  superficial  phaenomena  of  Scandinavia  and  the  northern  regions 
has  been  discussed  at  some  length,  the  facts  being  derived  from  our 
joint  observations  in  Russia,  and  also  from  personal  researches  of 
my  own  in  Poland,  Norway  and  Sweden  during  the  summers  of 
1843  and  1844.  Having  since  revisited  Sweden,  and  having  exa- 
mined certain  districts  of  that  country  in  company  with  M.  de  Ver- 
neuil, I  beg  to  lay  before  the  Geological  Society  some  additional 
data  which  we  there  collected^  confirming  and  enlarging  the  views 
VOL.  II. —  PART  I.  2  a 
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at  which  1  liad  previously  arrived,  and  still  further  elucidating  the 
subject. 

The  superficial  phaenoinena  of  Sweden  are  so  remarkable,  that,  to 
say  nothing  of  native  authors,  few  foreign  geologists  have  visited 
that  kingdom  without  recording  the  impression  which  their  inspec- 
tion produced.  M.  Alex.  Brongniart  published  in  the  year  1828  a 
memoir*  on  the  erratic  blocks  of  Sweden,  in  which,  referring  to  De 
Luc,  De  Saussure,  and  others  who  had  treated  generally  of  the  distri- 
bution of  coarse  detritus,  he  cites  MM.  Escher  and  von  Bucb  (parti- 
cularly the  latter)  as  having  well  considered  the  northern  examples. 
In  this  memoir  M.  Brongniart,  after  describing  the  linear  form  of 
the  Osarf ,  and  the  size,  form  and  nature  of  their  materials,  specially 
calls  attention  to  the  fact,  that  their  chief  mass  is  composed  of  com- 
pletely rounded  water-worn  gravel,  often  very  coarse  and  containing 
boulders  of  some  magnitude ;  and  states,  with  perfect  accuracy,  that 
the  largest  blocks  invariably  overlie  the  great  heaps  of  detritus.  But 
although  he  also  truly  says  that  some  of  them  arc  angular,  he  does 
not  convey  to  his  readers  the  important  fact,  the  result  of  my  own 
investigations  and  those  of  my  friend,  thai  such  large  blocks  as  are  on 
the  surface  are  invariably  more  or  less  angular,  and  are  quite  distinct 
from  and  never  intermixed  with  the  routided  and  highly  triturated 
debris  on  which  they  rest. 

At  the  period  when  M.  Brongniart  wrote,  geologists  had  no  mode 
of  explaining  the  transport  of  all  sorts  of  detritus,  except  by  assu- 
ming the  powerful  action  of  water  in  the  manner  supposed  by  De 
Saussure,  De  Luc,  Sir  James  Hall,  and  numerous  other  authorities, 
among  whom  M.  Brongniart  cites  our  distinguished  countrymen 
Buckland  and  Sedgwick,  both  of  whom,  with  the  rest,  then  attri- 
buted such  transport  to  a  more  powerful  agent  than  any  now  known 
in  nature. 

Another  superficial  phaenomenon  dwelt  upon  by  M.  Brongniart 
was  the  mechanical  striation  of  the  Swedish  rocks  in  lines  from  north 
to  south,  or  as  he  thought,  generally  from  N.N.E.  to  S.S.W.;  in  re- 
ference to  which  he  quotes  De  Lasteyrie,  who  not  only  remarked 
the  same  fact  thirty  years  before,  but  also  observed,  what  indeed 
M.  Brongniart  did  not  remark,  that  the  northern  ends  of  certain 
rocks  and  promontories  were  rounded  and  worn,  and  their  southern 
sides  left  rough.  The  observation  of  De  Lasteyrie  is  that  which 
M.  Sefstrom  at  a  subsequent  period  so  extended  as  to  render  it  pro- 
bable that  the  phaenomenon  might  be  considered  general  in  respect 
to  all  those  parts  of  Sweden  which  he  visited,  and  in  memoirs  com- 
municated to  the  Academy  of  Stockholm  he  showed  that  long  ridges 
of  detritus  of  northern  origin  were  almost  invariably  to  be  seen  ex- 
tending from  the  southern  or  abrupt  side  of  each  rocky  promontory 
whose  northern  face  was  worn  down  and  striated,  and  observed  that 
such  results  had  probably  been  produced  by  a  powerful  deluge  pro- 

*  Ann.  des  Sciences  Naturelles. 

t  "  Osar"  in  Swedish  is  the  plural  of  **  Os,"  a  heap  or  ridge  of  watcr-wom 
detrital  matter. 
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ceeding  from  the  north,  which,  conveying  coarse  materials  along 
with  it,  had  worn  away  and  ground  down  all  natural  asperities  form- 
ing the  "  Stoss  Seite  '*  or  weather  side  of  the  rock,  such  materials 
(the  impetus  of  their  transport  being  checked)  having  been  deposited 
under  the  lee  or  "  south  "  side  of  the  elevation.  But  neither  in  these, 
nor  in  other  collateral  observations,  was  it  supposed  that  the  opera- 
tion had  taken  place  when  the  rocks  of  Sweden  so  affected  were 
beneath  the  sea,  nor  was  any  clear  distinction  drawn  between  the 
greatly  water-worn  rounded  materials  (which  with  sands  form  the 
mass  of  the  Osar)  and  the  angular  erratic  blocks  on  the  surface. 
it  was  only  when  the  subject  of  terrestrial  glacial  action  was  brought 
prominently  before  the  scientific  public  by  the  researches  of  Venetz, 
Charpentier  and  Agassiz  in  the  Western  Alps,  that  geologists  and 
naturalists  began  clearly  to  see,  that  although  water  may  have  been 
the  agent  by  which  great  masses  of  drift  and  sand  have  been  spread 
over  the  low  countries  of  Europe,  there  might  be  many  mountain 
localities  where  glaciers  formerly  existed,  to  the  advance  of  which, 
as  well  as  to  their  melting  and  dispersion,  many  of  the  superficial 
phaenomena  in  question,  particularly  the  **blocs  perch^Sf**  might  be 
due. 

Dwelling  upon  the  great  truths  which  his  contemporaries  and 
himself  had  worked  out  in  the  Alps,  Professor  Agassiz  pursued  his 
favourite  hypothesis  with  an  ardour  which  has  always  seemed  to  me 
unsupported  by  reason,  and  endeavoured  to  show  that  true  terres- 
trial glacial  action  once  extended  over  nearly  the  whole  of  northern 
Europe,  covering  all  those  tracts,  whether  in  the  British  Isles  or  on 
the  Continent,  where  the  surfaces  of  rocks  are  worn  down,  polished 
and  striated  in  a  manner  resembling  that  observed  in  the  Alps. 
This  bold  but  hasty  generalization  was  however  soon  restricted  to 
what  is  apparently  its  legitimate  range  by  the  publication  of  Pro- 
fessor James  Forbes*s  work  on  the  Alps,  in  which  it  is  clearly  de- 
monstrated, from  actual  experiments  on  the  motion  of  the  glaciers 
themselves,  that  such  bodies  never  do  and  never  can  advance  ex- 
cept in  tracts  where  they  are  backed  by  lofty  mountains,  so  that 
the  accumulated  and  condensed  snow  may  be  pressed  forward  by 
constantly  increasing  masses,  and  moved  by  its  own  gravitation  on 
an  inclined  surface  *» 

Without  here  entering  further  into  the  question  of  what  tracts 
now  exempt  from  them  may  formerly  have  been  subjected  to  the 
advance  of  true  terrestrial  glaciers,  and  not  now  discussing  the  case 
of  Snowdon  and  other  elevated  points  of  Britain  to  which  Dr.  Buck- 
land  has  called  attention,  since  each  case  must  be  rigorously  deter- 
mined on  its  own  merits,  I  now  call  the  attention  of  my  brother 
geologists  to  the  superficial  pheenomena  of  those  part^  of  Scandina- 
via, in  which,  at  all  events,  it  will,  I  trust,  be  made  quite  manifest 
that  no  land  glaciers  have  ever  acted. 

In  all  the  central  and  southern  portions  of  that  district,  and  over 

*  The  same  author  hai  shown  how  ancient  glaciers  must  have  produced  the 
superficial  appearances  in  the  loftv  Cuchullin  hills  of  Skve. 

2  A  2 
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pwwf  dkan  is  any  ociucr  part  cn^  cii«^  ei*'>o«  T€t  examiiLed.  dbat  kov- 
Cfvcr  giacuen  cji^t  ba^e  oc«ii  pci^&J*::d  iji§  I  beiieTc  thex  did  im 
angwsftt  ximt*}  io  the  hizWr  cnct»  vmica  form  tae  Eii^rtkerB  asiB  <if 
tint  erjontiy.  it*  kyver  ponioas^  aod  v  .ck  taem.  tik«  ereater  part  <if 
Rbam  and  GersBBT.  w^re  b^fkeath  tae  i«a  dniiae  tbe  wiMile  <if 
tlK  perktd  wlien  the  detritxiA  to  vbick  I  am  ao>w  alladiag  was 
aecumnlaled.  Tkb  infereiK«  has  be«ti  sa^tazsed  br  madb  indepeB- 
deot  eridefice  alrcadr  recorded,  and  ducdj  by  tiie  euKesce  of 
Ma  fh^4  io  sandr  and  arEiiiaccoas  d€tntc§  beneaiJi  tbe  crmtic 
blocks  both  oo  the  caftt  and  we»t  coa:^ts  of  Sweden.  To  iDoatiate 
tJii«  point,  I  formeriv  cited  proo£».  that  post-piiocene  marine  siiellB 
occor  io  the  oorthHeaaCem  e&trefDitT  of  European  Russia  onder 
tbe  «aod  and  detritus  oo  the  backs  of  the  Dviaa;  and  in  mr  last 
loor  I  found  that  Colonel  Oser^ky  had  dLcoveivd  marine  sb^ls  of 
the  fame  age  and  character  in  the  gravel  and  sand  and  under  the 
great  erratic  blocks  which  cover  the  Silurian  plateaux  of  Estlioaia 

00  the  soothem  side  of  the  Gulf  of  Finland*. 

Referring  to  the  published  %iews  of  my  friends  and  myself  re- 
specting tlie  vaxt  distances  to  which  the  northern  detritus  has  been 
earriefi  southwards  over  Russia  and  Poland  (usually  in  long  traimeeM 
which  proceed  in  divergent  directions  from  Scandinavia  and  Lap- 
land as  a  common  centre^  I  will  now  very  briefly  allude  to  sane 
observations  of  our  French  contemporaries  in  Norway,  and  after- 
wards treat  of  those  superficial  appearances  in  Sweden,  including 
Gutliland  and  Dalecariia,  which  have  recently  fallen  under  mj 
notice,  tracing  the  phaenomena  fn>m  south  to  north. 

Bfith  Spitzbergen  and  the  region  of  Norway  now  occupied  by 
glaciers  have  been  recently  illustrated  by  different  French  natura- 
lists attached  to  the  '^  Expedition  Scientifique  du  Nord.**  I  need, 
indeed,  scarcely  allude  here  to  the  memoirs  of  M.  Martins,  since 
they  have  little  l>earing  on  the  broad  geological  phaenomena  to  which 

1  now  advert.  M.  Durocher,  however,  not  only  visited  Spitzbergen 
and  the  Alps,  but  has  since  travelled  over  North  Sweden  and  also 
those  parts  of  Norway  which  are  still  occupied  by  glaciers;  and  as  his 
chief  object,  in  a  memoir  recently  reaid  before  the  Geological  Society 
of  France,  has  been  to  point  out  the  real  distinctions  between  tme 
glacial  phaenomena  and  those  resulting  from  aqueous  transport  or 
drift,  I  would  refer  to  his  writings  as  bearing  distinctly  upon  the 
present  question. 

It  is  almost  needless  to  revert  to  M.  Durocher  s  former  opinions 
respecting  Scandinavian  drift,  as  they  were  clearly  placed  before  the 
public  by  M.  Elie  de  Beaumont  in  a  report  to  the  French  Institute. 
At  that  time  M.  Durocher  believed  (and  I  am  not  aware  how  far 
he  has  yet  changed  his  opinion)  that  the  whole  or  the  chief  mass  of 
the  drift  had  traversed  Scandinavia  from  some  more  northern  or 
polar  region.     The  subsequent  observations  however  of  Bdhtlingk 

*  I  had  indeed  anticipated  that  such  would  be  found.  See  '  Russia  in  Europe 
and  the  I'ral  Mountains,'  ^c,  vol.  i.  p.  327. 
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in  Russian  Lapland,  as  well  as  of  Siljestrom  in  Finmark  (if  not 
those  of  M.  Durocher  himself),  appear  to  me  to  negative  such 
a  view ;  for  it  has  been  clearly  shown,  that  the  axis  of  the  Scan- 
dinavian chain  being  once  passed,  the  drift  has  been  transported 
north-westwards,  northwards,  and  even  north-eastwards.  Nay  more : 
as  in  reference  to  the  central  and  southern  portions  of  Sweden, 
including  Finland,  &c.,  all  the  northern  faces  of  the  promonto- 
ries are  worn  down  where  the  drill  has  travelled  southwards,  so 
in  North  Lapland,  Finmark,  &c.,  where  the  drift  has  been  moved 
northwards  (as  is  proved  by  the  materials),  it  is  the  southern  faces 
of  the  headlands  which  have  been  abraded.  These  facts  sufficiently 
indicate  that  the  drift,  however  produced,  has  radiated  from  the 
Scandinavian  as  from  other  mountain  chains.  Such  being  the  case, 
it  would  be  useless  to  seek  for  an  exact  parallelism  in  the  numerous 
strisD  which  cover  any  one  great  portion  of  this  part  of  the  conti- 
nent. In  the  region  of  the  present  glaciers,  the  striae,  according  to 
M.  Durocher,  proceed  in  divergent  radii  from  small  centres,  just  as 
they  do  in  the  Alps  or  other  countries  where  glaciers  exist;  and  I 
am  far  from  wishing  to  deny,  that  in  certain  portions  of  those  high 
tracts,  other  striae  which  are  visible  where  no  glaciers  now  exist 
may  have  also  resulted  from  former  larger  glaciers. 

But  even  granting  this  to  an  extent  which  M.  Durocher,  who  has 
examined  the  localities,  does  not  admit,  the  survey  of  Sweden  has 
convinced  M.  de  Verneuil  and  myself,  and  M.  Durocher  entertains 
the  same  views,  that  glaciers  cannot  by  any  possibility  have  caused 
the  phaenomena  to  which  I  now  wish  to  direct  special  attention.  A 
much  more  extended  view  must  be  taken  of  the  operations  of  na- 
ture by  those  who  would  expound  in  a  rational  way  these  phaeno- 
mena. When  carefully  observed  and  duly  considered,  I  feel,  how- 
ever, persuaded  that  even  the  most  determined  g1acialist«  must 
admit,  that  other  agents  besides  solid  ice  moving  over  the  surface 
of  the  earth  may  have  produced  some  results  exactly  analogous  to 
those  which  glaciers  now  effect ;  whilst  in  developing  the  facts 
which  have  come  under  my  notice  in  Sweden,  I  shall  be  able  to 
show,  that,  associated  with  certain  features  quite  undistinguishable 
from  those  which  are  left  by  the  advance  of  glaciers,  the  rocks  there 
offer  other  superficial  appearances  which  are  perfectly  incompatible 
with  the  movement  of  such  bodies.  I  do  not  believe,  that  because 
it  may  not  be  possible  to  find  in  existing  nature  any  other  agent 
than  ice  which  leaves  behind  it  these  markings,  that  geologists 
whose  investigations  involve  inquiries  into  the  former  energies  of 
nature  at  periods  when  most  of  our  present  continents  were  under 
water,  are  to  be  debarred  from  reasoning  on  ancient  evidences,  or 
from  appealing  to  what  we  firmly  believe  must  have  been  true  an- 
cient causes,  which,  however  they  may  at  first  sight  appear  difficult 
to  imagine,  are  not  to  be  left,  as  Pliny  thought  of  old,  ''concealed 
in  the  majesty  of  Nature." 

Referring  then  to  various  memoirs  of  M.  Durocher  relating  to 
the  higher  tracts  of  Norway  and  the  northern  parts  of  Finland  not 
visited  by  me,  and  to  a  note  by  that  author  in  reply  to  certain  cri- 
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ticisiiis  of  M('ssi*s.  Agassis  und  Scliiinp(T  on  his  views  of  the  Scandi- 
navian piiffinomena,  published  in  the  Comptes  Rendus  of  January  19^ 
I  will  here  simply  state,  that  in  bis  description  of  the  deep  and  i ' 
ous  furmws  so  frequent  in  Norway,  M.  Durocher  most  deariy  < 
blishesS)  that  sueh  furrows  could  only  have  been  produced  by  viotcnt 
currents  of  water  transporting  drifted  materials.  Mo8t  thoroughlj, 
indeed,  do  I  agree  with  Durocher,  as  will  be  seen  in  the  sequel,  that 
the  accumulations  of  gravel  and  sand  spread  over  the  low  plateaux 
and  plains  of  Dalecarlia  can  never  by  any  possibility  be  explained 
in  the  way  insisted  on  by  Agassiz  and  Schimper,  namely  by  alter- 
nations of  glacial  moraines  and  sandy  beds  formed  by  the  diaaolutioD 
of  glaciers  *. 

Viewed  as  a  whole,  the  detritus  of  southern  Norway  and  the  ad« 
jacent  portions  of  Sweden  may  be  considered  to  have  swept  over 
Denmark  and  Hol>tttin  to  Brabant  and  the  northern  provincea  of 

*  In  M.  Durocher*8  memoir  read  before  the  Geological  Society  of  Fraoee  in 
November  last  (Bull.  vol.  iii.  p.  65),  after  describing  the  different  forms  of  eroricWf 
striation  and  polish  to  which  the  rocks  of  many  varieties  of  compositioa  have  bees 
subjected,  that  author  dwells  much  on  certain  deep  and  narrow  ruUies  (often  oaly 
one  to  tliree  feet  wide),  whicli,  even  when  tortuous,  sinuous  and  branching»  have 
their  sides  polished  and  also  scratched  in  the  prevailing  direction  of  the  transport 
of  the  drift.  Arguing  that  glaciers  never  could  have  produced  such  restiHs,  par- 
ticularly on  the  upper  or  overhanging  faces  of  some  of  the  narrow  cavities  which 
are  so  imlishcd  and  striated,  he  comes  to  the  same  conclusion  as  that  abeady  p^ 
iished  by  my  frieuds  and  myself,  *'  that  tlie  erosive  a])paratus  or  instruments  mnit 
liave  been  to  a  certain  extent  not  only  fluid,  but  also  partly  sohd  and  composed  of 
blocks  of  gravel  and  sand,  the  same  materials,  as  is  well  known,  which  etch  and  po- 
lish the  rocks  subjacent  to  glaciers."  >^'hi)e  repudiating,  as  we  do,  the  possible 
application  of  the  Alpine  glacier  theory  to  the  chief  pha;noniena  of  ScandinsTia,  M. 
Durocher  rests  to  some  extent  on  the  value  of  proofs  of  aqueous  action  which  we 
have  only  partially  and  imperfectly  seen  (tlie  long  sinuous  and  deep  channels),  and 
his  conclusions  are  therefore  of  additional  value  in  the  argmnent.  The  r^er 
who  will  consult  what  we  bad  printed  (Russia,  &c.,  ante  cii.^  vol.  i.  p.  540,  ettef.) 
before  the  communication  of  M.  Durocher  appeared,  and  will  also  compare  vtek 
he  has  enunciated  with  the  observations  which  I  now  offer,  will  perceive,  how- 
ever, that  besides  the  distinctions  in  the  phenomena  cited  by  him  and  by  our- 
selves (all  equally  subversive  of  tlie  application  of  the  glacier  theory  to  Scandina- 
\ia),  M.  Durocher  has  adopted  theoretical  views  of  diluvial  action  essentially  dif- 
fering from  those  which  I  have  advocated  and  still  adhere  to.  He  clings,  fbr 
example,  to  the  ancient  idea  of  water  passing  over  pre-existing  continenta,  and 
api>eals  to  the  former  action  of  seas  standing  at  higher  levels;  whilst  I  coniider  the 
level  of  the  ocean  to  have  been  unchangeable,  and  refer  nearly  all  the  phamomena 
treated  of  in  this  memoir  to  action  produced  under  the  present  level  of  the  lea 
liefore  certain  \ihration8  of  the  surface  had  elevated  the  great  mass  of  northern 
Europe  from  beneath  it.  Again,  the  extensive  sands  (all  evidently  formed  under 
water)  which  he  describes  as  chiefly  existing  towards  the  frontier  of  Sweden  and 
Norway,  are  quite  as  striking  in  Scauia,  the  very  southern  point  of  Sweden. 
There  are,  ]>esides,  two  essential  matters  of  fact  in  this  memoir  to  which  M. 
Durocher  docs  not  advert ;  1st,  that  the  great  angular  blocks  are  superposed  on 
the  rolled  detritus  throughout  Scandinavia ;  and  2ndly,  that  large  districts  BOith 
of  Upsala  are  invariably  occupied  by  these  angular  blocks  in  aitu.  These  essential 
distinctions,  with  a  description  of  the  drift  and  its  relations  in  Gothland,  consti- 
tute the  chief  claims  of  tlds  notice  to  the  attention  of  geologi:>ts ;  for  I  quite  coin- 
cide with  M.  Durocher,  that  nmch  as  has  been  written  on  them,  "  the  study  of 
these  facts  is  only  commencing,  and  that  as  yet  wc  have  only  a  part  of  the  mate- 
rials rc<iuircd  to  construct  a  durable  theory." 
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Holland,  where  it  forms  the  ''  polder  '*  of  that  country.  In  Den- 
mark these  materials  have  been  shown  by  Professor  Forchhammer  to 
have  been  aggregated  at  different  periods,  the  earliest  of  which  he 
believes  to  be  contemporaneous  with  the  sub-apennine  formations^ 
and  from  that  comparatively  ancient  date  has  worked  out  a  succes- 
sion of  block  and  erratic  operations  at  two  other  epochs,  and  has 
shown  how  such  operations  are  to  a  certain  extent  proceeding  even 
at  the  present  day. 

Believing  that  Russia  in  Europe  and  the  north  of  Germany  were, 
like  Denmark  and  Holstein,  beneath  the  sea  during  long  periods,  as 
well  from  the  fact  that  the  fossils  of  the  earlier  tertiary  epochs  there 
occur,  though  at  wide  intervals,  as  from  knowing  that  the  shells 
of  the  post-pliocene  period  have  there  been  associated  with  the  up- 
permost drifts,  we  are  led  to  conclude,  that  with  the  progress  of  re- 
search the  details  of  the  succession  of  aqueous  deposits  may,  in  the 
sequel,  be  worked  out  in  some  of  these  low  countries  as  they  have 
been  by  Professor  Forchhammer  in  Denmark  and  Holstein,  as  laid 
down  in  the  geological  map  of  those  countries. 

Passing  however  to  Sweden  itself,  where  the  phsenomena  of  drift 
are  more  simple,  and  referring  to  the  published  work  on  Russia  for 
an  account  of  the  detritus  which  has  been  transported  into  Prussia 
and  Poland,  I  will  commence  with  an  account  of  the  superficial  pha»- 
nomena  in  Scania,  the  most  southern  province  of  Sweden,  and  there- 
fore the  furthest  distant  from  the  great  source  of  all  the  erratics. 
The  southern  and  south-western  portions  of  Scania  are  flat,  and  the 
fundamental  rocks  chiefly  cretaceous,  with  two  detached  masses  of 
oolitic  age  at  Hoganaes  and  Hor,  covered  with  detritus  of  sand, 
mud  and  rolled  northern  boulders*.  In  this  tract,  however,  few  large 
distinct  and  angular  superficial  blocks  are  seen,  and  the  whole  has 
still  the  Danish  type.  With  this  external  coincidence  it  is  further 
remarkable  as  being  the  only  portion  of  Sweden  in  which  remains  of 
great  land  quadrupeds  have  been  found ;  thus  proving,  that  whilst 
all  the  other  parts  of  the  country  (to  be  alluded  to  in  the  sequel) 
may  have  remained  under  the  sea,  the  lands  of  Scania,  like  those 
of  the  continent  to  the  south,  must  at  all  events  have  been  raised 
above  the  waters,  and  inhabited  at  an  sera  immediately  before,  if 
not  contemporaneous  with,  the  existence  of  man.  This  inference 
has  been  chiefly  arrived  at  by  the  researches  of  Professor  Nilsson  of 
the  University  of  Lund,  who  has  discovered  in  bogs  the  remains, 
and  even  the  entire  skeletons,  of  the  Bos  Urus  or  B,  primigenius^ 
and  also  of  the  bison,  or  Bos  Aurochsj  the  one  a  species  now  ex- 
tinct, the  other  Hving  in  the  forests  of  Lithuania.  In  both  cases, 
these  are  associated  with  the  remains  of  deer  and  other  land  animals; 
and  a  skeleton  of  the  Bos  Urus  was  extracted  by  Nilsson  himself, 
from  beneath  ten  feet  of  peat  near  Ystadt,  the  horns  of  the  animal 
having  been  found  deeply  buried  in  the  subjacent  blue  clay  on 
which  the  bog  has  accumulated.  This  specimen  is  not  only  most 
remarkable  as  being  the  only  entire  skeleton  yet  found  of  an  animal 

*  Sec  the  General  Map  in  the  work  on  Russia  and  the  Ural  Mountains. 
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whose  detached  bones  occur  in  the  ancient  drift  or  diluvium  of  maoj 
countries  of  Europe  as  well  as  in  Siberia  (where  it  is  the  aflsoctate 
of  the  mammoth  and  the  Rhinoceros  tichorhinus)^  but  also  as  exhi- 
biting upon  the  vertebral  column  a  perforation,  which  Nilasoo  has  do 
doubt  was  inflicted  by  the  stone  head  of  a  javelin  thrown  by  one  of 
the  aboriginal  human  inhabitants  of  Scania.  By  whatever  instru- 
ment inflicted,  this  wound  has  its  largest  orifice  on  the  anterior  face 
of  the  first  lumbar  vertebra,  and,  diminishing  gradually  in  size*  has 
penetrated  the  second  lumbar  vertebra,  and  has  even  slightly  in- 
jured the  third.  Occupying  himself  for  many  years  in  collecting 
all  the  utensils  of  the  aborigines  of  his  country  and  iu  studying  their 
uses.  Professor  Nilsson  shows,  that  the  orifice  in  the  vertebne  of 
the  specimen  o{  Bo9  primigenius  in  question  is  so  exactly  fitted  by 
one  of  the  stone- headed  javelins  found  in  the  neighbourhood,  that 
no  reasonable  doubt  can  be  entertained  that  the  wound  was  inflicted 
by  a  human  being.  He  does  not  think  that  this  wound  was  mortal, 
but,  on  the  contrary,  he  indicates  (from  the  manner  in  which  the 
bone  seems  to  have  afterwards  cemented)  that  the  creature  lived 
two  or  three  years  after  the  infliction  of  a  wound  produced  by  the 
hurling  of  a  javelin  horizontally  in  the  direction  of  the  head,  but 
that  missing  the  head  it  passed  between  the  horns  and  impinged  on 
this  projecting  portion  of  the  back. 

It  is  not  my  intention  to  enter  further  at  present  upon  the  sub- 
ject of  the  terrestrial  remains  of  Scania,  and  I  will  only  say  that 
Professor  Nibson  thinks  he  has  discovered  good  proof  of  the  exist- 
ence of  bogs,  containing  these  land  animals  and  also  aflfording  in- 
dependent proofs  of  the  co-existence  of  man,  which  have  since  been 
submerged  and  covered  by  gravel  and  sand,  and  also  that  the  pre- 
sent land  is  there  still  undergoing  subsidence'*'.  On  the  other  hand. 
Professor  Forch hammer  contends  that  there  is  no  proof  whatever  of 
this  prograHsive  subsidence  in  Scania,  not  even  in  the  celebrated  case 
of  the  town  of  Tralleborg,  cited  by  various  authorities  from  the  time 
of  Linnaeus  to  our  own  days,  and  seen  and  referred  to  by  Mr.  Lyell. 
I  have  alluded  to  this  fact  of  the  occurrence  of  great  land  animals, 
some  of  which  are  now  extinct,  in  the  bogs  of  Scania  (presenting 
a  parallel  case  with  our  Cervus  megaceros  now  buried  in  the  bogs 
of  Ireland),  because  the  phaeuomenou  is  of  great  importance  in 
reference  to  the  superficial  deposits  of  Sweden  generally,  in  no 
other  part  of  which  has  a  trace  of  such  remains  been  found,  and 
where,  as  we  shall  see,  all  the  evidences  indicate  a  continuous  sub- 
marine condition,  from  periods  of  very  remote  antiquity  to  the  ex- 
isting epoch. 

Advancing  to  the  north  and  east  from  the  lower  grounds  of  Sca- 
nia, the  surface  of  the  more  elevated  portions  of  this  province  affords 
convincing  proof,  that  the  drifl  of  materials  from  the  north  has 
taken  linear  directions,  or  has  been  arranged  in  great  trainees. 
The  Osar  or  gravelly  longitudinal  zones  which  occupy  such  large 
parts  of  the  centre  and  north  of  Sweden,  are  not  however  typi- 

*  Sec  Lycll,  Phil.  Traus.  1835,  p.  5. 
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cally  displayed  in  Scania;  but  in  traversing  the  country  from  Lund 
on  the  west  to  Christianstad  on  the  east,  the  traveller  first  passes 
over  a  ridge  of  gneiss  and  crystalline  rocks  on  which  a  few  large 
erratics  have  been  lodged,  and  then  over  sands  of  nine  or  ten  En- 
glish miles  in  width,  throughout  which  tract  not  a  single  block 
can  be  detected.  Passing  however  the  lake  of  Womb-sjdn  (whose 
eastern  shores  are  occupied  by  Silurian  strata  and  porphyry), 
numberless  blocks  are  again  found  on  the  surface  of  the  argilla- 
ceous soil,  and  are  seen  at  intervals  and  in  separate  trainees  over- 
spreading the  plateau  between  Kloster  Ofved  and  Andraruni.  It 
is  only  however  on  nearing  Christianstad  on  the  north  that  the 
phsenomena  begin  to  assume  the  distinct  division  which  is  so  clearly 
indicated  in  many  other  parts  of  Sweden,  and  on  which  I  shall 
mainly  dwell  in  this  memoir.  The  village  of  Degeberga,  for  ex- 
ample, which  is  situated  at  the  northern  limit  of  this  plateau  or 
high  ground,  may  be  cited  as  a  spot,  the  inspection  of  which  at 
once  explains  relations  which  are  constantly  repeated  towards  the 
north.  Sandy  hills  covered  with  clusters  of  large  blocks  there  rise 
to  the  north  to  heights  of  about  300  feet  above  the  great  plain  of 
Christianstad,  this  plain  however  being  for  the  most  part  devoid  of 
such  great  erratics.  In  some  of  these  hills  where  subsidences  have 
occurred,  vertical  thicknesses  of  sand  layers  are  seen,  forty  to  fifty 
feet  thick,  beneath  the  great  blocks,  all  of  which  are  more  or  less 
angular,  and  some  of  them  eight  to  ten  feet  in  diameter. 

Here  then  we  have  sandy  accumulations,  which  from  their  form  and 
siliceous  texture  have  all  the  appearance  of  having  been  fashioned 
by  currents  of  water,  and  these  are  at  once  surmounted  by  isolated 
groups  of  angular  blocks,  which  from  their  composition  must  have 
been  derived  from  the  countries  in  the  north  (the  substrata  to  the 
south  being  of  an  entirely  difierent  character),  and  which  must  have 
been  transported  across  the  wide  low  tracts  which  lie  around  Chris- 
tianstad. Such  blocks,  and  all  traces  of  coarse  superficial  detritus, 
are  gradually  lost  as  the  ground  declines  in  altitude  towards  the 
marshy  and  muddy  soil  in  the  neighbourhood  of  the  city.  (The 
diagram  fig.  1  will  sufiiciently  explain  these  relations.) 


Thit  diAgram  represents  siliceous  sands  corered  with  angular  blocks,  extending  from  some  distanoo 
south  of  Degeberga  to  the  plains  oi  day  which  reach  to  Christianstad  on  the  north. 

In  the  western  portion  of  the  province  of  Bleking  which  ranges 
down  to  the  Baltic,  the  ground  being  flat  with  much  argillaceous 
covering,  there  is  little  to  be  observed,  except  a  pretty  general  dis- 
tribution of  rounded  boulders  of  no  great  size,  and  an  occasional 
hillock  covered  with  larger  blocks;   but  in  traversing  the  higher 
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lands  (which  however  are  never  more  than  300  or  400  feet  above 
the  sea,  and  where,  especially  between  Kunaby  and  Carbcroiu^  the 
crystalline  rocks  protrude),  the  surface  begins  to  assume  manj  of 
the  Swedish  and  Scandinavian  peculiarities.  The  road  there  runs 
through  numerous  bosses  and  promontories  of  granite  or  granitic 
gneiss,  often  beautifully  wooded  with  beech  and  oak  trees,  and  eadi 
of  these  bosses,  whether  its  altitude  be  100  feet  or  only  twelve  or 
twenty  feet  above  the  road  level,  exposes  a  northern  face  not  ooly 
worn  down,  but  also  polished  and  striated  from  north  to  south,  wkilai 
each  southern  face  is  natural,  rugged  and  step-like. 

At  Carlscrona  again,  the  naval  arsenal  of  Sweden,  nearly  all  tkm 
headlands  exhibit  similar  phaenomena.  Between  Carlscrona  and 
Calmar,  the  Osar  or  longitudinal  ridges  of  gravel,  sand  and  rounded 
blocks  show  themselves  with  more  distinctness  than  in  any  tract  fai^ 
ther  south,  and  whilst  the  rocks  are  worn  down  in  undulating  surfaces*, 
and  are  completely  ''  moutonn^"  they  do  not  present  so  marked  a 
distinction  between  the  north  and  south  ends  of  the  usually  ellip- 
soidal masses  as  is  seen  in  those  to  the  south  of  Carlscrona.  The 
worn  north  side  (having  eastern  or  western  flanks  which  aie  ako 
affected,  as  will  be  explained  hereafter)  and  the  abrupt  south  side 
are  invariably  best  seen  where  the  rocks  consist  of  gneiss  or  aaj 
hard  crystalline  rock,  whether  bedded  or  not,  which  is  not  prone  to 
exfoliation  by  atmospheric  influence.  Now  in  the  district  between 
Carlscrona  and  Calmar  there  are  many  examples  of  a  granite  f  whidi 
thus  exfoliates,  and  consequently  the  diurnal  weathering  of  ages 
has,  by  peeling  off*  concentric  coats  of  the  rock^  reduced  Uie  aouth* 
em  faces  to  neariy  the  same  convex  form  as  the  northern.  Even 
in  these  exceptions,  however,  a  close  survey  will  detect  the  differ- 
ence between  the  southern  and  northern  faces. 

To  the  north  of  Calmar,  as  well  as  on  the  western  shores  of  the 
long  adjacent  island  of  Oland,  the  Lower  Silurian  sandstone  is  pre- 
sent, and  the  fragments  of  this  rock  are  abundantly  distributed^ 
extending  to  some  distance  south  of  the  tract  itself;  and  in  this  low 
tract,  so  full  of  local  debris,  there  is  little  else  to  notice.  Fine  Onr» 
however,  are  seen  between  Monsteras  and  Norby,  and  thenee  to 
Jemserum,  some  of  them  being  quite  as  coarse  as  those  of  the  north 
of  Sweden.  Here,  as  in  the  north,  they  constitute  long  linear  ridgesy 
and  often  form  a  watershed  separating  lakes  and  streams.  The 
crystalline  rocks  of  Smoland  which  appear  in  the  vicinity  of  these 
coarse  Osar,  particularly  all  those  which  lie  to  the  north  of  them, 
have  been  most  powerfully  denuded  and  *^  moutonn^es,"  and  being 
ornamented  with  noble  oak-trees  help  to  form  one  of  the  most  pic- 
turesque tracts  of  Sweden.  The  marine  promontories  of  quarts 
rock  to  the  south  of  Westervik  exhibit  also  some  good  examf^  of 
rounded  northern  and  southern  abrupt  sides,  but  near  that  place  the 
rock  (a  quartz  rock)  is  for  the  most  part  too  full  of  small  joints  i 


*  I  now  speak  of  hillocks  not  200  feet  above  the  sea,  and  even  extending  down 
to  the  sea  level. 

t  I  observed  the  same  frequently  in  my  journey  across  Sweden  in  the  country 
between  the  Wcncrn  and  Wcttern  Lakes. 
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too  easily  affected  by  the  atmosphere  to  have  retained  the  outline 
impressed  upon  it  by  the  great  mechanical  forces  which  have  swept 
over  this  low  tract  and  left  so  many  of  their  traces  upon  it. 

Island  of  Gothland. 

Intending  on  a  future  occasion  to  give  an  account  of  the  geolo- 
gical structure  of  Gothland,  I  shall  now  only  mention  that  the  island 
is  from  one  end  to  the  other  *  a  mass  of  coralline  and  shelly  lime- 
stone, with  some  shale  and  limestone  of  most  unequivocal  Upper 
Silurian  age.     Its  surface,  which  is  nowhere  more  than  200  feet 
above  the  sea  level,  is  covered  with  coarse  northern  gravel  and 
boulders,  and  overlying  these  are  occasionally  seen  large  erratic 
blocks,  the  whole  of  this  material  being  derived  from  the  north,  or 
from  points  east  and  west  of  that  direction.     Notwithstanding  this 
accumulation  of  transported  matter,  the  limestone  is  not  only  seen 
in  the  coast  clifis,  but  in  numerous  ridges  and  points,  where  it  rises 
through  the  drift  to  the  surface;  but  in  no  place  does  it  exhibit 
proof  of  having  been  specially  affected  by  powerful  erosion  so  much 
as  on  the  north-eastern  face  of  the  island  near  Slite,  where  the  lime* 
stone  of  the  rocks  of  Lanna  has  been  probably  worn  by  the  power- 
ful action  of  water  into  those  grotesque  forms  of  which  Linnsus 
has  left  rude  sketches  in  his  description  of  Gothland.     That  these 
currents  have  acted  from  N.£.  to  S.W.  in  the  northern  part  of  Goth- 
land is,  indeed,  proved,  not  only  by  the  detritus  having  been  swept 
in  that  direction,  great  quantities  of  it  having  been  accumulated  to 
the  south  of  Wisby  (where  it  is  both  lodged  on  the  surfiuse  of  the  rocks 
and  has  been  precipitated  over  the  lofty  cliffs^  to  form  at  their  base 
the  bottom  of  the  actual  sea),  but  also  by  exhibiting  in  many  places 
where  the  gravel  has  been  cleared  away  from  the  surface  of  the  sub- 
jacent rock,  decisive  marks  of  having  grooved  and  striated  the  lime- 
stone on  which  it  rested.     This  is  particularly  well  seen  to  the  south 
of  Wisby,  where  gravel  pits  have  been  opened  to  procure  the  hard 
granite  and  porphyry  pebbles  for  the  use  of  the  rosMis.    The  surface 
of  the  limestone  thus  exposed  presents  parallel  grooves  or  flutings 
from  one  to  three  inches  wide  at  intervals  of  from  six  to  nine 
inches  from  each  other,  the  whole  of  the  rock  having  been  smoothed 
down  by  powerful  friction,  and  marked  by  innumerable  scratches, 
which,  deviating  slightly  from  the  absolute  parallelism  of  the  larger 
grooves,  yet  preserve  the  same  general  direction.     These  markings 
on  the  Upper  Silurian  limestone,  which  would  have  been  long  ago  ef- 
faced from  this  comparatively  soft  rock  if  it  had  been  exposed  to  the 
weather,  do,  I  venture  to  say,  so  perfectly  resemble  the  flutings  and 
striae  produced  in  the  Alps  by  the  actual  movement  of  glaciers,  that 
neither  M.  Agassiz  nor  any  one  of  his  supporters  could  detect  a 
difference.     Yet  where  is  the  glacialist  who  will  contend  that  terres- 
trial glaciers  passing  over  the  Baltic  Sea  can  have  traversed  thisjow 

*  The  length  of  the  island  is  about  eighty-four  English  miles. 
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island  in  the  middle  of  the  Baltic,  which  is  at  least  4O0  miles  distant 
from  any  elevation  to  which  the  term  of  mountain  can  be  applied*? 
Referring  to  my  published  views  concerning  the  manner  in  which 
the  drift  itself  has  produced  such  appearances  in  these  flat  rpgions, 
I  will,  before  I  quit  the  consideration  of  Gothland,  say  a  few  woctb 
on  the  strong  evidences  which  this  island  affords  of  having  been 
elevated  from  beneath  the  waters  at  a  comparatively  modem  dale. 
In  many  ancient  bays  where  the  coasts  do  not  present  bluff  clUb 
washed  by  the  Baltic,  like  Hog-Klint  on  the  east  coast  and  Mount 
Hoburg  on  the  south  t»  terraces  of  water- worn  and  flattened  shingle 
are  exhibited  at  heights  of  twenty  or  thirty  feet  above  each  other, 
of  which  four  or  five  may  in  some  places  be  counted  between  a  low 
interior  (or  ancient)  clifl*  or  scar  of  limestone  and  the  present  sea,  to 
which  there  is  usually  a  long  slope  from  the  lowest  of  these  terraoes* 
The  inland  clifls  or  scars  present  in  many  places  the  aspect  d 
having  been  washed  by  the  waves,  and  the  diflerent  terraces  of  shingle 
(each  having  a  level  surface,  and  each  exactly  like  that  which  the  sea 
washes  at  its  present  level)  bespeak  as  many  distinct  upheavals,  and 
are  evidently  quite  unlike  anything  which  could  have  resulted  from 
the  gradual  upraising  of  the  island.  As  the  nature  and  relative  po- 
sition of  numerous  raised  sea -beaches  or  shingle-banks  in  different 
parts  of  Norway  and  Sweden  lead  to  the  same  conclusion,  the  bear- 
ing of  this  view  upon  our  subject  consists,  not  merely  in  establishing 
a  submarine  condition  of  things  totally  irreconcileable  with  the  ap- 
plication of  former  glaciers  to  such  tracts,  but  is,  as  will  be  seen,  of 
some  theoretical  value,  in  accounting  for  the  motive  causes  of  those 
waves  of  translation  to  which  I  have  elsewhere  referred,  and  which, 
independent  of  all  glacial  action,  may  by  sudden  upcasts  have  pro- 
duced the  violent  transport  and  consequent  rounding  and  rolling 
onwards  of  much  gravel  and  detritus.  Now,  it  is  important  to  ob- 
serve, that  these  terraces  in  Gothland  simply  consist  of  the  limestone 
locally  rolled  and  flattened  into  shingle,  such  as  is  actually  formed 
on  the  sea-beach  ;  and  it  is  only  after  having  passed  over  them,  and 
when  we  have  reached  to  the  height  of  100  feet  or  more,  that  we 
meet  with  the  '*  Osar  **  drif\  of  foreign  coarse  boulders  mixed  with 
limestone  debris,  and  surmounted  here  and  there  by  great  angular 
blocks.  All  these  facts  seem  to  render  it  highly  probable  that  Goth- 
land was  entirely  beneath  the  sea  when  the  northern  or  north-eastern 
drift  was  being  carried  over  it  This  drift,  however,  violently  afiected 
its  surface,  afler  which  the  blocks  were  irregularly  wafted  in  such 
manner  as  not  to  destroy  their  angularity,  and  therefore,  as  we  sup* 

*  I  may  here  mention  also,  that  the  Lower  Silurian  limestones  forty  miles  to 
the  south  of  St.  Petersburg  were  observed  by  M.  dc  Vemeuil  last  year  to  «chibit 
exactly  similar  phsenomena  in  a  region  also  entirely  void  of  all  mountains,  the  di- 
rection of  the  markings  being  the  same,  or  from  N.N.E.  to  S.S.W.  The  limestone 
of  the  low  island  of  Dago  has  also,  according  to  Professor  Eichwald,  been  in  the 
same  way  affected,  and  that  of  Esthonia  has  presented  similar  phenomena  ac- 
cording to  Colonel  Osersky. 

t  This  latter,  though  described  as  a  lofty  mountain  by  Linnaeus,  is  really  only 
a  fine  bold  cliff,  less  than  200  feet  above  the  sea. 
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pose,  in  icebergs  or  ice-floes,  in  the  manner  already  explained  in  the 
work  on  Russia  and  the  Ural  Mountains. 

In  speaking  of  the  erratics  of  Gothland,  it  is  well  to  indicate  the 
marked  distinction  between  the  ancient  and  powerfully  rolled  drifl 
and  any  materials  which  are  now  wafted  to  its  shores.  The  former 
is  composed  of  crystalline  materials  all  derived  from  the  north  *, 
and  these  crystalline  and  rounded  fragments,  together  with  much 
hard  quartzose  red  sandstone,  also  only  known  in  the  north,  are  mixed 
with  limestone  of  the  island  and  a  good  deal  of  sand.  In  corrobora- 
tion of  this,  we  see  that  the  subjacent  limestone  has  been  furrowed 
and  scratched,  I  believe  by  the  weight  and  friction  of  those  very 
masses  which  have  lain  upon  it  until  removed  by  the  hands  of  man ; 
and  in  the  north  of  Gothland,  where  I  principally  obejerved  them, 
these  markings  are  directed  from  N.N.E.  to  S.S.W.  Now,  whether 
the  foreign  materials  may  have  been  derived  from  the  northern  parts 
of  Finland  or  from  the  north  of  Sweden  (and  the  latter  supposition 
might  be  inferred  from  the  character  of  the  porphyry  and  hard  red 
sandstone)  is  immaterial  for  the  present  argument.  Doubtless, 
under  the  extensive  submarine  area  in  which  I  consider  that  this 
drift  was  transported,  the  powerful  currents  of  translation  referred 
to  (caused,  as  I  imagine,  by  sudden  heaves  of  the  Scandinavian  con- 
tinent), may,  by  the  form  of  the  bottom  of  the  sea  and  other  causes, 
have  been  in  some  tracts  directed  to  the  east,  and  in  others  to  the 
west  of  north ;  for  throughout  all  the  mainland  of  Sweden,  the  linear 
direction  of  the  gravel-banks  or  Osar  and  the  wearing  ami  striation 
of  the  subjacent  rocks  vary  from  east  to  west  of  north  in  different 
districts  and  according  to  the  general  outline  of  the  land.  But 
that  to  which  I  wish  now  to  call  attention  is,  that  in  no  instance  is 
a  fragment  of  chalk  or  chalk-flint  to  be  found  in  such  ancient  de- 
tritus, though  these  rocks  exist  abundantly  in  the  countries  to  the 
south  and  S.W.  of  Gothland ;  whilst,  on  the  other  hand,  the  devious 
and  uncertain  tides  of  the  present  sea,  diflering  entirely  from  the 
ancient  currents,  and  acting  quite  as  much  from  the  south  as  from 
the  north,  do  occasionally  waft  to  the  shores  of  this  island  (probably 
in  fragmejits  of  ice)  lumps  of  chalk  and  flint,  derived  from  the  clifis 
of  Rugen,  Bornholm  or  Denmark. 

Lastly,  in  reference  to  Gothland,  1  annex  a  series  of  diagrams 
which  sufliciently  explain  my  hypothetical  views  respecting  the  con- 
dition of  the  island  at  diflerent  periods  after  the  flrst  consolidation 
of  the  limestone  floor  of  which  it  is  composed. 

The  first  of  these  (fig.  2)  represents  a  portion  of  the  Upper  Si- 
lurian limestone,  of  which  the  island  is  composed,  when  it  laid  be- 
neath the  sea,  long  after  the  consolidation  of  the  rock,  and  when  its 
surface  had  been  partially  eroded  by  ordinary  submarine  action. 

Fig.  3  exhibits  the  same  mass  of  limestone  exposed  to  a  powerful 
denudation  on  its  northern  flank  (N.W.  or  N.E.,  as  the  case  may 
be)  and  also  along  its  upper  surface,  by  the  passage  of  great  heaps 

*  This  is  proved  by  the  character  of  the  granites  and  porphyries  therein  con- 
tained, none  of  which  occur  to  the  south  of  Gothland. 
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of  crystalline  materials  drifted  from  the  north  and  impelled  oowanb 
by  powerful  waves  of  translation,  which  rushing  onwards  abore  the 
usual  level  of  the  sea,  propelled  and  rolled  on  de  subjacent  detritus 
in  the  manner  suggested  by  Mr.  Scott  Rusaell,  and  under  the  geologi- 
cal conditions  suggested  by  Mr.  Hopkins  in  reference  to  such  agency 
during  former  periods  in  our  own  country.  By  this  operation  the 
exposed  northern  face  as  well  as  summit  of  the  rock  was,  it  is  sop- 
posed,  worn  down,  polished,  grooved  and  striated ;  and  the  force  of 
the  shock  having  been  partially  arrested,  the  drilled  rollers  were 
then,  it  is  imagined,  shot  over  the  natural  escarpment  at  the  sooth' 
end  of  the  rock  and  lodged  at  its  foot,  there  forming  a  bank  of 
gravel  without  wearing  away  the  lee  or  protected  face  of  the  sub- 
marine hillock. 

Fig.  4  marks  the  period,  when  the  waves  of  translation  having 
subsided,  the  sea  has  resumed  its  ordinary  level  and  a  glacial  or  ice- 
floating  epoch  has  supervened,  during  which  icebergs  and  ice-floes 
transported  large  angular  blocks,  and  deposited  them,  sometimes  on 
the  surface  of  the  denuded  limestone  and  sometimes  on  the  water- 
worn  gravel  or  Osar. 

Fig.  5  represents  the  Silurian  limestone  after  it  has  been  raised 
above  the  level  of  the  sea  ;  its  surface  (with  the  exception  of  having 
parted  with  some  of  its  loose  materials)  having  preserved  the  same 
general  outline  and  covering  which  it  had  when  beneath  the  sea. 

Fig.  6  exhibits  the  chief  mass  of  the  rock  with  the  same  terrestrial 
features  as  in  the  preceding  stage,  but  raised  higher  above  the  sea 
level ;  such  elevation,  it  is  supposed,  having  been  brought  about  by 
vibratory  upheavals,  the  periods  of  tranquillity  between  whidi  are 
indicated  by  the  successive  terraces  of  horizontal  shingle,  in  which 
some  crystalline  materiab  of  former  Osar  are  mixed  up  with  a  great 
proportion  of  local  Silurian  limestone. 

Fig.  7  shows  the  terrestrial  mass  in  its  present  relations  to  the  sea, 
or  raised  to  a  still  greater  elevation  during  the  modem  period,  the 
shore  terraces  of  former  days  being  at  some  height  above  the  waters; 
whilst  the  ground  between  the  lowest  of  these  terraces  and  the  sea 
is  seen  to  consist  of  a  long  gradually  sloping  delta,  which,  seems  to 
indicate  a  gradual  uprising  of  the  land. 

That  this  last  operation  has  been  going  on  in  recent  times  is  in* 
deed  borne  out  by  tradition  and  local  history.  Between  the  cal- 
careous ridges  there  are  depressions,  which,  whether  occupied  by 
water,  marsh  or  bog,  may  still  in  some  instances  be  traced  almost 
transversely  across  the  isle,  and  of  these  the  low  grounds  proceed- 
ing from  the  north  of  Klinte  on  the  west  to  Skarnsvik  and  Hellesvik 
on  the  east  are  among  the  most  remarkable ;  others  have  all  the 
aspect  of  having  been  fiords,  which  if  they  did  not  traverse,  at  all 
events  penetrated  deeply  into  the  island.  Not  only,  indeed,  do  the 
inhabitants  currently  believe,  that  such  depressions  were  occupied 
by  the  sea  during  the  early  abode  of  man  (when  the  famous  sea- 
kings  of  the  North  exerted  their  piratical  sway),  but  Bishop  Wallin 
of  Wisby,  giving  full  credence  to  this  tradition,  copies  it  into  his 
learned  work  (Crothiafidiska  Satniingar,  Stockholm,  1747),  and  cites 
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ail  old  Dauiiih  uiap  of  *o  late  a  date  a»  1676,  io  wliicb  such  fiotdi 
and  amM  of  tbe  sea  are  laid  down  to  a  much  greater  ezteoft  tkam  at 
present;  and  conoeoting  these  by  dotted  lines,  the  leamad  poelale 
briugd  Gothland  before  his  reader's  eye  as  a  group  of  ialals  whkk 
have  since  been  united;  not,  as  geologists  would  now  very  geaeimUf 
suppose,  by  the  elevation  of  the  land,  but,  as  is  the  belief  of  the 
natives,  by  the  depression  of  the  waters.  I  may  further  add*  thai 
though  prevented  during  my  stay  of  ten  days  in  the  ialand  froa 
visiting  the  spot,  I  was  informed  on  very  credible  authority*  Ikat 
large  iron  rings  for  the  attachment  of  ve;}sels  are  still  to  be  sees  oo 
the  sides  of  inland  rocks  facing  these  marshy  depressioos,  e  cireuB- 
stance  I  am  well  disposed  to  believe,  knowing  that  such  proofii  of 
the  ancient  ingress  of  the  sea  are  not  unfrequent  in  parts  of  Sweden 
far  inland  of  Gottenburg,  and  in  other  situations  widely  removed 
from  the  prenent  sea,  but  to  which  a  very  small  change  of  the  rdft- 
tive  level  of  land  and  water  would  aiford  access  by  boala. 

In  framing  the  above  hypothesis  respecting  the  former  oonditioa 
and  changes  of  the  surface  of  (lothland  from  remote  times  to  our 
own  period,  I  must  beg  it  to  be  understood,  that  the  terraces  to 
which  I  have  alluded  are  not  to  be  seen  at  or  near  the  bluff  and 
rocky  shores  and  under  the  steep  cliffs  north  or  south  of  Wiaby, 
where  travellers  usually  reconnoitre  the  island,  but  that  they  occur 
in  several  parts  of  the  island  to  the  north  of  Klinte,  and  to  the  norCk 
of  Bursvik  on  the  west  coast,  and  particularly  near  Lansberg  on  the 
south-eastern  coast,  where  the  physical  features  and  the  shelving 
nature  of  the  shore  have  combined  to  favour  the  accumulation  ot 
ancient  shingle  beaches,  and  to  expose  a  long  modern  talus  beneath 
them*/ 

Whilst  Gothland,  from  the  nature  of  its  subsoil,  can  only  ^Sord 
traces  of  striation  and  grinding  down  of  the  limestone  in  those 
places  where  that  destructible  rock  has  been  covered  by  saperin- 
cunibent  gravel,  the  great  cluster  of  islets,  the  Aland  Isles,  which 
lie  between  Abo  and  Stockholm,  offer  the  most  surprising  evidenees 
of  hard  crystalline  gneissose  rocks  having  been  worn  down  and 
striated  on  their  northern  sides,  and  presenting  abrupt  escarpmento 
on  their  southern  faces.  The  traveller  who  simply  passes  by  the 
steam-boat  between  Stockholm  and  Abo,  and  from  the  latter  phee 
to  Helsingfors,  traverses  hundreds,  and  indeed,  including  Boiall 
rocky  islets,  I  may  say  thousands  of  isles,  tliroughout  which  he  can 
observe  no  exception  to  this  remarkable  pheenomenon,  the  more 
strikingly  confinuative  of  the  views  I  entertain  respecting  the  cause 
of  such  results,  since  none  of  these  isles  rise  much  more  than  100 
feet  above  the  water,  and  all  are  very  widely  remote  from  any  moun- 
tain chain. 


*  My  chief  object  in  GotbUnd  being  the  identification  of  its  calcsreoot 

with  the  Upper  Silurian  of  our  own  countr\',  I  could  not  devote  much  time  to  vi- 
siting all  the  spots  where  tlic  surface  is  striated  and  grooved ;  but  I  was  informed 
by  Dr.  Colmarden  that  he  had  observed  grooves  and  striae  similar  to  those  I  ha:re 
described  in  various  parts  of  the  island,  wherever,  in  short,  the  superinciunbeDt 
gravel  had  been  removed  for  the  reiiairiug  of  the  roads. 
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Similar  appearances,  although  by  no  means  so  dearly  defined,  are 
to  be  seen  in  the  groups  of  islands  between  Westervik  in  the  pandlel 
of  North  Gothland  and  Nykoping,  which  I  merely  passed  near  in  a 
steam-boat,  without  having  an  opportunity  of  closely  observing  the 
facts,  and  1  therefore  pass  on  to  the  district  extending  from  Ny  koping 
to  Stockholm.  By  inspecting  the  map  of  Forsell,  it  will  be  seen  that 
most  of  the  numerous  cavitien  occupied  by  water  in  this  tract,  with 
the  exception  of  the  great  Malar  Lake,  trend  from  N.  by  W.  to 
S.  by  £.,  and  such  is  the  chief  direction  in  which  the  linear  accu- 
mulations of  gravel  and  sand,  or  *osar,'  have  been  formed.  Such 
also  is  the  direction  in  which  the  subjacent  rocks  have  been  ground 
down  and  striated.  Many  of  these  osar  are  well-seen,  indeed,  be- 
tween Nykoping  and  the  sea,  where  the  great  Stockholm  canal  has 
been  cut  through  them,  and  where  shells  of  the  Baltic  Sea,  as  pre- 
viously mentioned  by  Mr.  Lyell,  are  seen  in  blue  clay  beneath  the 
great  mass  of  the  osar  drift,  again  indicating  in  the  clearest  manner 
a  submarine  condition  when  such  drill  was  transported.  Passing 
from  Sodertelge  through  the  southern  arm  of  the  Malar  Lake,  the 
traveller  is  then  conducted  to  Stockholm  in  one  of  the  chief  arms 
of  that  sheet  of  water,  which  as  it  is  on  the  whole  directed  from 
W.S.W.  to  E.N.E.,  is  transverse  to  the  main  direction  which  the 
drift  has  taken  in  this  part  of  the  country.  To  one  who  has  ex- 
plored by  land  and  in  detail  those  phaenomena,  to  many  of  which  I 
shall  afterwards  have  to  direct  attention,  the  south  and  north  sides  of 
this  arm  of  water,  extending  even  up  to  the  gates  of  Stockholm,  offer 
the  most  striking  confirmation  of  the  agency  of  a  great  force  which 
has  ground  down  the  one  and  left  the  other  comparatively  unaltered. 
Tiie  scarped,  picturesque  and  broken  rocks  on  the  north  side  and 
the  side  facing  the  south  offer  indeed  a  most  striking  contrast  to  the 
abraded,  sloped  and  polished  surfaces  on  the  other  side  of  the  lake 
which  faces  to  the  north.  The  environs  of  Stockholm  abound  also 
in  such  examples,  and  exhibit  admirable  instances  of  osar;  that  of 
Bronkeberg,  to  which  one  district  of  the  city  extends,  affording  as 
clear  evidence  as  can  possibly  be  given,  since  the  rounded  mate- 
rials are  there  piled  up  to  the  height  of  100  feet  or  more,  and 
many  of  them  exceed  the  size  of  the  largest  man's  head.  Po- 
lished and  scratched  surfaces  abound,  and  no  example  is  more 
remarkable  than  one,  to  which  Baron  Berzelios  direct^  my  atten- 
tion in  1844,  a  little  to  the  N.W.  of  Stockholm,  where  a  buttress 
of  hard  and  highly  crystalline  gneiss  with  veins  of  grey  granite 
had  been  laid  bare  in  improving  the  roads,  and  exhibited  nume- 
rous striae  having  a  general  direction  from  N.  by  W.  to  S.  by  E., 
though  there  occurred  between  the  different  markings  just  those 
deviations  fram  parallelism  which  we  might  expect  to  result  in 
the  case  of  a  rush  of  broken  drifted  materials,  however  solid  the 
whole  mass  and  however  determinate  its  general  line  of  transport. 
The  same  rock,  equally  polished  and  ground  down,  has  been  since 
laid  bare  and  freed  from  its  coating  of  gravel  and  sand  to  the  N.W. 
of  the  Park  of  Haghe,  on  the  other  side  of  which  it  forms  abrupt 
and  picturesque  cliffs.    Passing  in  a  direction  a  little  west  of  north 
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over  a  considerable  tract  on  the  roaii  to  Upmla,  which  is  eoverwl 
by  osar,  surmoonted  at  intervals  by  the  larger  blocks,  the  whok 
region  is  found  culmirably  calculated  to  exhibit  the  reaults  which, 
such  drift  has  produced.  Slightly  covered  over  with  angular  blodv 
and  coarse  detritus,  usually  on  the  south  side  of  the  hills,  each  |Nfo* 
montory  is  seen  entirely  cleared  of  wood ;  and  in  travelling  tlnoiit^ 
this  district  I  observed  niany  hillocks,  the  northern  faoes  of  whkh 
were  invariably  rounded,  polished  and  scratched,  but  whiefa  anuBied- 
different  curvilinear  forms,  some  being  very  nearly  vertical,  othen 
quite  planed  away  into  a  gradual  8lo|)o,  and  others  again  of  inter* 
mediate  shapes,  as  repre^^ented  in  the  annexed  sketches.     Of  i  ~ 


Fig.  H. 


Fig.  9. 


^V--^^^?jfe^^^^ 


Fig.  10. 


Fig.  11. 


diagrams  fig.  8  exhibits  a  sloping  rounded  surface  to  the  north  and 
a  flattened  summit  covered  at  once  by  erratic  angular  blocks^  some 
of  which  are  seen  aUo  at  the  ragged  or  southern  scarped  side,  whilst 
an  OS  of  gravel  and  sand  to  the  south  of  the  hillock  is  partially  snr- 
mounted  by  angular  erratics.  Fig.  9  shows  the  northern  face  much 
more  abraded  and  flattened,  and  the  surface  of  the  summit  to  some 
extent  covered  by  the  drift  and  also  by  the  angular  erratics. 

In  the  next  diagram  (fig.  10)  the  vertical  'homU;  northern  face, 
so  common  in  the  worn  rocks  of  Sweden,  and  its  southern  scarp,  are 
followed  by  a  very  coarse  os,  whilst,  as  in  fig.  11,  some  of  the  ridges 
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are  nearly  covered  with  wood  (the  exception  in  this  denuded  tract)/ 
the  northern  face  only  being  entirely  free  from  vegetation,  since  no 
shrub  or  plant  can  there  find  root  in  the  smoothed  spherical  and 
polished  surface  of  a  crystalline  rock  where  it  is  void  of  vertical  fis*^ 
sures. 

In  Wassunde  parish,  which  we  crossed  in  making  a  lateral  excur* 
sion  to  the  north-western  arm  of  the  Malar  Lake,  the  gneiss  and 
the  hard  granite  veins  in  it  are  beautifully  exposed,  the  striffi  tra-* 
versing  them  in  this  case  from  S.  15°  E.  to  S.  15°  W.  This  is  the 
direction  which  Sefstrom  believed  to  prevail  in  Sweden,  but  my  own 
observations  would  lead  me  to  think  that  the  markings  in  maoy 
othpr  districts  are  as  often  from  the  west  as  from  the  east  of  north. 

Since  I  am  now  treating  of  a  tract  abounding  in  isolated  hum- 
mocks or  promontories  of  rock,  the  direction  of  each  of  which  trends 
on  the  whole  from  north  to  south,  I  will  here  mention  a  fact  which 
seems  to  have  escaped  former  observers,  viz.  that  not  merely  is  the 
northern  end  of  each  hillock  worn  and  abraded,  or  in  Alpine  lan- 
guage, ^  moiUonney  but  also  to  a  certain  extent  the  east  and  west 
sides  of  each, — its  southern  face  alone  remaining  in  a  natural  and 
unaltered  state.  But  in  the  amount  of  degradation  and  polish,  and 
above  all  in  the  striation,  there  is  a  marked  difference  between 
these  east  and  west  sides  and  the  northern  face  of  the  rocks.  The 
latter  is  not  only  extremely  mouUmrU,  and  when  its  nature  admits 
of  it,  or  when  it  has  been  recently  uncovered,  finely  polished,  "but 
is  powerfully  striated  and  sometimes  grooved,  whilst  the  longer 
or  east  and  west  sides  only  exhibit  such  features  along  a  certain 
distance,  seldom  exceeding  more  than  one-third  of  the  length  of 
the  face  in  question,  the  remainder  of  which  gradually  loses  all 
traces  of  denudation  and  exhibits  no  more.striae  towards  the  rough 
and  wholly  unaltered  southern  extremity  (see  fig.  12).    I  mention 


Fig.  12. 


X. 


In  this  diagram  is  teen,  ••  indeed  in  tboie  prae«tt»§,  the  gradaal  dlMqipeanuice  of  the  striatioiv 
and  wear  of  tiie  lateral  Mirfaces  of  the  rocks  from  their  northern  to  their  eouthcm  ends. 

this  fact,  because  it  seems  to  coincide  very  well  with  the  hypp^. 
thesis,  that  powerful  currents  from  the  north,  carrying  vast  masses 
of  detritus  and  sand  with  them,  impinged  with  great  violence .  (^ 
exercised  a  powerful  friction  on  the  northern  or  weather  face  pf^ 
each  hummock  which  exposed  a  resisting  fronts  whilst  such  resist- 
ance would  naturally  diminish  as  the  opposing  promontory  trended 
off  into  a  flattened  side,  the  drift  and  materials  simply  rusbifig, 
through  the  often  wide  depressions  between  the  low  and  isolated 
rocks  and  producing  little  or  no  lateral  effect,  except  indeed  i^; 
the  case  of  narrow  mountain  gocges,  wherein  the  lateral  pressura* 
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of  a  mass  of  drift  and  the  increased  velocity  of  the  curmit  vmj 
have  acted  with  much  energy  on  the  enclosing  |ndea.  WitiMMrt 
however  too  much  insisting  on  the  value  of  my  own  hypolheM^  I 
specially  dwell  on  this  feature  of  tlie  Swedish  phenomeooo  to  prav«» 
that  even  suppitsing  it  wire  possible  that  terrestrial  glacien  ooaU 
have  advanced  over  these  flat  regions,  they  never  could  fasTekft 
such  effects  behind  tliem ;  for  it  is  quite  certaio,  that  if  by  any 
possible  combination  such  bodies  could  have  moved  over  so  levd 
a  region*,  they  must,  according  to  all  the  Alpine  analogies  offered 
by  Professor  Agassiz,  have  left  decisive  strise  all  along  the  sides  of 
the  parallel  or  Hanking  nK'ks  through  which  they  advanced.  A 
comparison  of  the  diagrams  of  Professor  Agassiz>  ezhibitiiig  siieh 
lateral  effects  of  the  walls  of  glaciers,  with  our  Swedish  ezampksiSt 
once  indicates  the  important  distinction ;  and  in  the  sequ^  otberand 
still  more  cogent  reasons  will  be  given  to  show  the  utter  impesn- 
bility  of  explaining  the  abrasion  and  striation  of  the  rocks  of  Swe- 
den by  glacier  action,  however  much  these  rocks  present  surfaces 
in  many  respects  precisely  similar  to  those  produced  by  glaciers. 

The  environs  of  Upsala  abound  >\  ith  long,  linear,  sandv  osar,  oc- 
casionally only  containing  coarse  gravel,  and  these  range  nnom  north 
to  south,  particularly  to  the  east  of  the  river,  whilst  to  the  west  of 
that  stream,  low  long  ridges  of  granitic  rock  are  parallel  to  them. 
In  other  words,  the  osar  appear  as  undulating  deposits  of  naeqnal 
altitude,  occasionally  rising  to  100  or  150  feet  above  tha  lower 
country,  and  they  appear  to  have  here  assumed  their  linear  dipection 
in  consequence  of  the  rocky  elevations  on  their  flanks.  la  these 
osar  we  have  the  clearest  proofs  that  the  large  angular  erratics  are 
always  at  the  surface+.  On  the  same  line  of  os  is  the  hiUock  im- 
mediately to  the  S.W.  of  Gamla  Upsak  (Ohl  Upsala),  to  which  I 
have  particularly  directed  attention  in  my  work  on  Russia,  as  exhi- 
biting not  only  many  angular  blocks  both  near  its  summit  and  on  its 
southern  face>  but  also  peculiar  small  terraces  on  its  northern  face 
and  slope,  which  seemed  to  me  to  render  it  more  probable  that 
such  great  angular  superficial  blocks  had  been  quietly  transported 
to  their  present  habitats  in  icebergs  or  on  rafls  of  ice  than  any 
other  example  hitherto  cited.  I  here  reproduce  the  diagrams  (figs* 
IS,  14).  They  seem  to  support  the  hypothesis  I  advocate  not  only  by 
illustrating  the  comparative  absence  of  blocks  on  the  north  side  and 
their  increasing  abundance  from  the  summit  to  the  south  side,  but 
also  by  accounting  for  the  gravel  terraces,  since  I  assume  that,  after 
the  completion  of  the  osar  drift,  a  large  iceberg  must  have  been 
floated  southwards  by  currents  then  prevailing,  and  was  arrested  on 
the  northern  face  of  the  apex  of  the  hill ;  that  at  first  there  was 
accumulated  around  its  base  the  larger  and  lower  terrace  (a),  and 
that  with  the  lapse  of  successive  seasons  and  the  perpetual  action  of 

*  The  heights  of  some  centra]  gronndi  in  Bleking  and  Smoland  are  quite  as 
great  as  those  in  the  dittricts  further  north. 

t  One  of  these,  ealled  the  Stor-Stens-Kullc,  to  the  north  of  Upsala,  if  perched 
on  the  very  sumniit  of  a  sandy  and  gravelly  os.. 
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the  cmrent,  this  was  successively  reduced  so  as  io  account  for  the 
gradually  smaller  and  higher  terraces  by  Cy  d.  I  suppose  also,  that 
while  melting  it  parted  at  intervals  with  some  of  the  blocks  which 
it  carried,  until,  worn  away  to  the  minimum  size  at  which  it  could 
hold  together,  the  mass  was  entirely  dissolved  and  its  spoils  deposited 
on  the  summit  and  soathem  slope  of  the  hill  to  which  the  waters 
would  naturally  bear  them. 

Fig.  13. 


Fig.  14. 


lli£t4irli  ■ 


IW'i  t\U\ 


The  environs  of  Upsala  are  also  of  much  interest  in  establishing, 
beyond  the  power  of  contradiction,  that  the  osar  subjacent  to  the 
angular  blocks  were  really  aqueous  and  marine  drifts;  for  in  the 
sandy  and  gravelly  beds  of  the  os  on  which  the  castle  stands^  Mr. 
Marklin  found  several  species  of  shells,  including  the  TelUna  haUiccu 
Other  argillaceous  beds  of  blue  clay  which  occupy  the  banks  of  the 
river,  on  either  side  of  which  the  osar  rise  up,  are  also  in  some  spots 
absolutely  loaded  with  this  shell,  showing  that  the  whole  base  of  the 
soft  and  overlying  formations  is  truly  of  aqueous  origin  of  no  very 
distant  date,  the  shells  being  speciiically  the  same  as  those  now 
living  in  the  adjacent  Baltic,  and  exhibiting  their  nacre  perfectly 
preserved  ♦. 

In  proceeding  to  the  north  of  Upsala,  whether  to  Iledemora  and 

*  Mr.  Lydl  has  already  stated  this  fact  respectiBg  tiie  presence  offialtieahells 
in  and  below  the  osar.  They  occur,  in  fact,  in  many  parts  of  Sweden,  and  thin 
afford  proof,  in  addition  to  the  fact  of  the  numeroos  raised  lea-beacfaes  ol  Udde- 
valla,  that  the  sea  covered  all  the  low  tracts  of  Sweden  at  a  oomporatively  mo- 
dem period. 
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Falilun  on  tho  otic  hand  or  to  Daiiomora  and  Gefle  on  the  otlia 
,  (!>oth  of  which  i-oiites  were  followed  by  M.do  Verneuil  and  myself  )i 

I    :  the  o»ar  arc  exhibiUnl  at  intervals  in  ^till  greater  force,  and  are  often 

I    "j  conip«>scd  of  coarse  rouud<Ml  materials,  but  in  other  places  of  hilb 

=  :!  of  almost  pun*  sand.     Dut  the  feature  which  most  strikes  the  tra- 

!    I  v#'ller,  particularly  on  the  road  to  Danemora,  is  the  inereased  size 

I  I  of  the  su|H>rficial  angular  bh)cks  as  he  approaches  the  source  of  their 
j  origin.  T\\u%  at  Ilysby,  one  of  the  first  stations,  we  viewed  and 
!  measured  a  bhtck  of  granitic  gneiss  having  perfectly  sharp  anglei 

and  rent  by  great  fissures  whose  length  was  forty  feet,  width  twenty- 
three,  and' height  twenty-five  feet;  and  at  Fellen,  to  the  N.W.  of 
(refie  and  HannolK),  we  observed  another  1 H)  feet  in  circuniferciicc 
and  thirty  feet  high. 

In  the'tract  betwi*en  Daneniora  and  the  little  sea-port  of  Kahk- 

holm,  the  osar,  consisting  of  true  rolled  and  sandy  detritus*  are  fre- 

<]uently  arranged  in  circular  heajjs  of  about  100  paces  in  diameter, 

each  capped  by  coarse  angular  blocks.  Now,  the  water-worn  materiab 

■  are,  it  will  In?  olwerved,  thus  circularly  grouped  on  the  lowest  cle- 

I  vations  in  the  midst  of  small  plains  or  flats  from  one  to  two  and 

<  three  miles  wide,  which  arc  devoid  of  those  distinct  longitudinal 

encasing  ridgf  s  of  granitic  rocks  whereby  the  osar  hare  usually  ob- 

I :  ■  tained  their  prevailing  long  and  ridgc-like  character.     This  circular 

l!.'  configuration,  which  very  much  reminded  me  of  the  ''escara"  in 

'|.  certain  basin-shaped  valleys  in  Ireland,  seemed  perfectly  to  exclude 

the  possibility  of  such  bodies  being  morahies,  the  residue  of  glaciers. 

I I  None  of  the  loose  materials,  I  would  further  observe,  have  scratched 
' !                         snvfacfN,  like  th(»se  of  the  loose  fragments  in  a  glacial  moraine.    The 

l>oidd('r8  arc  also  of  all  sizes,  from  the  dimensions  of  the  fist  to  three 
>  '  and  f(mr  ft^t  diameter;  and  the  rolled  materials  are  here  as  else- 

where perfectly  distinct  from  the  subjacent  angular  blocks.     It  is 
moreover  worthy  of  notice,  that  in  the  district  in  which  these  cir- 
[  cular  osar  occur,  the  mounts  of  granite  and  granitic  gneiss  have  in 

several  instances  b(»en  ground  down  and  ])olished  on  their  southern 
I.-.  as  well  .OS  on  their  northern  faces, — a  fact  which,  whilst  it  is  totally 

^'  irreeoneileable  with  the  action  of  glaciers,  is  in  perfect  accordance 

with  the  belief  that  such  results  ))roceeded  fnim  aqueous  currents, 
I  which  In  these  bays  or  depres.sions  impelled  the  drifle<l  shingle  and 

sand  in  whirlpo<»ls  and  eddies,  and  thus- lashed  on  all  sides  the  pro- 
truding hununocks  of  hard  rock.  These  however  are  very  remark- 
able exceptions  to  the  prevailing  rule. 

•  In  travelling  northwanis  towards  8ala,  it  is  soon  made  apparent, 
that  if  some  of  the  angular  blocks  may  have  been  moved  short 
distanc<*s,  the  rocks  from  which  they  have  been  derived  are  usually 
to  be  seen  not  far  ofi',  and  to  the  north.  Nay,  a  phaenomenon  soon 
presents  itself,  which  is,  as  far  as  I  know,  without  parallel  in  any 
other  part  of  the  earth,  and  which  must  be  carefully  noted  in 
our  endeavours  to  form  any  rational  theory  respecting  the  causes 
of  A  chief  feature  in  the  northern  phasnomena.  Tho  woody  ridges 
I  traversed  in  the  second  station  between  Upsala  and  Sula,  t.e.  fn>m 

Kolfva  and  Drunsutra,  constitute  the  most  southern  point,  at  which 
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tho  traveller  (after  passing  innumerable  billocka  of  rock  who^e 
northern  sides  are  rounded  and  worn)  is  suddenly  immersed  in  a 
chaos  of  angular  blocks,  some  of  them  of  a  gigantic  size.  Through 
these  the  road  meanders  amid  the  most  profuse  vegetation  of  aspeu, 
birch  and  fir  trees  that  rise  out  from  the  crevices  between  the  frag- 
ments. Seeing  no  proof  that  these  millions  of  angular  blocks  were 
deposited  on  <>sar,  like  those  before  adverted  to»  and  perceiving 
that  they  were  nearly  all  composed  of  similar  granitic  gneiss,  we 
began  to  think,  particularly  from  the  distinct  linear  arrangements 
they  afforded,  that  they  must  be  simply  fragments  in  situ,  the  sub- 
jacent or  parent  rock  being  hidden  by  their  great  profusion  in  these 
low  eminences ;  but  we  were  once  more  thrown  into  doubt  by  per- 
ceiving that  as  soon  as  we  emerged  from  this  foi^est  near  Har&ta, 
true  sandy  osar,  also  trending  from  N.N.W.  to  S.S.E.  and  parallel 
to  the  angular  block  ridge,  presented  themselves,  and  were  capped 
by  angular  erratics.  We  further  saw,  that  as  the  country  opened, 
the  broader  depressions  and  valleys  were  invariably  exempt  from 
the  large  angular  blocks,  but  that  wherever  an  elevation  occurred^ 
sometimes  not  exceeding  fifteen  or  twenty  feet  above  the  lower  levels, 
it  was  covered  with  angular  blocks  of  all  sizes,  accumulated  in  thb 
instance  upon  a  substratum  of  clay.  On  entering  Dalecarlia,  how- 
ever, we  passed  a  true  granitic  plateau,  which  was  covered  in  parts 
with  angular  blocks,  the  mass  of  which,  exactly*  like  those  above 
alluded  to,  forcibly  reminded  us,  by  its  superficial  aspect,  of  the 
broken  volcanic  ''cherres"  of  Auvergne;  and  thus  we  had  no  doubt 
that  whilst  the  osar  were  capped  with  such  materials  which  had  been 
transported  from  other  localities,  other  linear  ridges,  particularly 
those  on  which  the  whole  surface  is  covered  by  rock,  nearly  all  of 
one  kind,  were  indeed  fragments  in  situ^  the  sul^acent  rock  from 
whence  they  had  been  broken  off  appearing  here  and  there.  This 
view  was  completely  confirmed  when  we  passed  over  the  low  hills 
to  the  south  of  Fahlun,  where  the  angular  blocks  and  the  underlying 
parent  gneiss  are  clearly  exposed.  Without  such  an  explanation, 
the  sea  of  wild  and  irregular  fragments  dotted  over  the  plain  im- 
mediately south  of  the  copper-mines  of  Fahlun  would  indeed  seem 
marvellous,  since  in  that  district  the  trees  having  been  cut  off  or 
withered  by  pestiferous  sulphureous  fumes,  the  tract  might  repre- 
sent a  return  of  chaos,  or  a  period  when  life  was  extinguished  upon 
the  surface  of  the  globe. 

In  Dalecarlia  however,  as  in  the  central  and  southern  regions,  the 
distinction  between  the  erratic  blocks  and  the  water-worn  osar  are 
strikingly  displayed.  This  is  well-seen  in  a  long  line  of  osar  sepa- 
rating the  lakes  between  Jordbro  and  Brusdeck  on  the  river  Dal 
Elf,  near  the  southern  frontier  of  Dalecarlia,  where  transverse  or 
east  and  west  sections  exhibit  in  one  place  finely  laminated  sands 
covered  with  coarse  worn  boulders  and  gravel,  and  these  again  bjr 
angular  erratics,  each  from  ten  to  twelve  feet  high.  In  this  tract,  as 
represented  in  the  accompanying  diagram  (fig.  15),  the  small  houses 
of  the  Swedish  peasants  are  seen  built  upon  an  os  between  lakes, 
and  the  road  is  as  it  were  half-buried  under  the  great  erratic  blocks. 
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The  fall  of  some  of  these  blocks,  together  with  the  aecooiflMiyiBg 
mRM  of  gravel  anil  rand,  would,  in  fact^  cover  up  and  devtray  one 
or  more  of  these  cottages;  and  if  the  tract  were  abandoned  fcr 

Fig.  15. 
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centuries  by  human  beings,  future  geologists  might  reasonably  be  led 
to  contend,  if  judging  from  these  evidences  alone,  that  from  the  Te§^ 
tiges  of  subjacent  buildings,  the  angular  blocks  and  even  the  roilod«d 
gravel  had  been  transported  over  this  continent  subsequently  to  its 
habitation  by  man. 

In  approaching  Hedemora,  or  in  ascending  to  that  town,  which 
lies  about  150  or  200  feet  above  the  river  Dal  Elf  (a  stream  whieh 
there,  as  in  many  parts  of  its  course,  resembles  a  quiet  lakeX  tiw 
whole  tract  is  one  of  undulating  hilly  sands  exactly  similar  to  those 
south  of  ChristiaAstad  in  Scania,  and  equally  resembling  the  bottoms 
of  a  former  sea,  the  summits  in  both  cases  being  capped  with  angu- 
lar blocks  of  crystalline  granitic  and  gneissose  rocks.  In  approaeh* 
ing  Sater,  these  sands  constituting  linear  osar,  which  are  here  and 
there  united  by  cross  bands  or  bars,  are  covered  by  worn  bonlden 
and  gravel ;  and  further  on  the  osar  are  entirely  composed  of  water* 
worn  boulders,  as  coarse  as  those  forming  the  os  of  Bronkeberg 
near  Stockholm.  Osar  like  these,  which  separate  the  water-coaises 
and  lakes  are,  as  M.  Brongniart  has  before  remarked,  natural 
chctuss^es  or  elevated  mounds  on  which  all  the  roads  run.  Again, 
the  ravines  at  Sater,  in  which  the  water-course  in  a  deep  dell  bounds 
over  gneissose  rocks,  the  river  banks  on  either  side  (as  indeed  in 
numberless  places  along  the  Dal  Elf)  consist  of  mounds  of  finely 
laminated  sandy  loam,  the  surface  of  the  plateau  alone  being  o<x»i- 
pied  by  large  and  angular  blocks,  which  are  still  found  in  the  nar- 
row valleys  or  ravines,  except  when  their  incoherent  sides  have 
given  way  within  the  modern  period.  In  this  case,  the  superjacent 
blocks  have  been  precipitated  into  the  chasm  below,  and  have  car^ 
ried  with  them  gravel  or  clay,  according  as  the  nature  of  the  origi- 
nal submarine  luaterials  or  drift  may  determine. 

It  is  however  essential  to  remark,  that  although  upon  the  whole 
the  osar  may  be  viewed  as  long  narrow  banks,  such  in  fact  as  they 
were  described  by  M.  Brongniart,  there  are  very  numerous  except 
tions.  The  prevalent  linear  or  north  and  south  tlirection,  and  the 
shape  of  these  masses,  have  necessarily  been  determined  by  the 
chief  physical  ff^atures  of  Sweden,  which  consist  of  frequent  alter- 
nations of  ridges  of  crystalline  rocks  and  longitudinal  depressions^ 
the  latter  being  cither  filled  with  wat<'r  or  occupied  by  the  grarelly 
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accumulations  in  question.  In  numberless  tracts  however,  where 
the  vailejA  and  lakes  are  of  circular  or  elliptical  shapes  and  of  some 
breadth,  the  gravel  heaps  are  (as  I  have  already  shown)  arranged 
in  isolated  hillocks,  like  the  Irish  '*escars.*'  In  other  places  the 
linear  accumulations  are  so  connected  by  transverse  bands  composed 
of  similar  materials  (and  the  neighbourhood  of  Hedemora  may  be 
specially  cited),  that  it  would  be  difficult  to  say  that  any  one  direc- 
tion prevailed  more  than  another.  An  inspection  of  the  map  of 
Forsell  will  show,  in  fact,  that  the  outline  of  the  drifted  materials 
has  been  determined  by  the  physical  outlines  of  the  country  and  the 
form  of  the  encasing  rocks  in  each  tract 

Some  of  the  wider  low  expanses  of  Dalecarlia,  subtended  by  gra- 
nitic gneiss  or  low  ridges  of  other  crystalline  rocks,  are  singularly 
exempt  from  every  sort  of  transported  material.  Such  are  the  sands 
and  loams,  sometimes  finely  laminated,  that  are  seen  in  following 
the  Dal  Elf  through  the  fertile  tracts  of  Gustafsland,  where  the 
overlying  erratics  are  seen  only  near  the  higher  edges  of  the  arable 
lands,  and  between  them  and  the  surrounding  granitic  ridges. 

Intending  to  describe  the  palseozoic  and  eruptive  rocks  of  this 
district  on  another  occasion,  I  will  not  now  advert  to  the  almost  in- 
numerable examples  which  Dalecarlia  affords  of  promontories  of 
hard  rock,  rounded  off  towards  the  north ;  of  ridges  which  by  some 
cause  have  been  broken  up  in  situ  and  present  the  external  form  of 
volcanic  ''cherres"  before  alluded  to;  of  osar  of  various  composition, 
everywhere  exhibiting  in  their  imbedded  materials  proofs  of  power- 
ful aqueous  action ;  and  of  large  surmounting  angular  blocks,  some 
of  which  have  evidently  travelled  only  very  short  distances  to  their 
present  abodes. 

To  show  however  how  the  general  direction  of  the  drifted  mate- 
rials, whether  consisting  of  rounded  boulders  or  of  angular  erratics, 
has  been  from  the  north  or  N.N.W.  throughout  this  portion  of 
Sweden,  I  would  here  observe,  that  throughout  the  tract  extending 
from  the  sea  to  near  Leksand,  all  the  detritus  (with  the  exception 
of  local  detritus  of  red  sandstone  near  Gefle)  consists  of  gneissose 
and  granitiform  rocks,  which  distribution  is  coincident  with  the 
fact,  that  the  tract  to  the  north  and  N.N.W.  is  also  entirely  com- 
posed of  such  rocks.  No  sooner  hi»wever  do  we  advance  as  far 
west  as  Leksand  at  the  southern  extremity  of  the  great  Siljan  Lake, 
than  porphyries  begin  to  prevail  among  the  transported  materials; 
and  fuither  to  the  N.W.  these  broken  materials  are  found  to  in- 
crease rapidly  as  we  approach  the  groat  masses  of  porphyry  which 
occupy  the  higher  hills  beyond  Mora  in  the  parishes  of  Elf  Dal,  &c 
These  rocks  are  however  mixed  with  fragments  of  syenitic  granite 
of  more  recent  date,  which  has  in  several  portions  of  that  tract  up- 
heaved and  dislocated  those  Lower  Silurian  rocks  of  which  I  intend 
to  speak  on  a  future  occasion. 

The  country  at  the  southern  end  of  the  great  Wenjan  Lake  is  also 
extremely  interesting  as  showing  the  north  and  south  direction  of  the 
drift,  and  also  the  phaenomenon  of  a  large  area  of  angular  blocks  m 
situ  of  very  different  composition  from  any  hitherto  alluded  to.     In 
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traverein^  fmm  the  Siljan  to  the  Weiijan  Lake  and  the  statkHi  «f 
Juhani]ishoiin»  we  passed  through  a  couDtry  of  low- wooded  poiphyrf 
peaks,  the  parent  rock  of  which,  as  in  the  case  of  the  granites  bmh 
tiuned  above,  is  almost  entirely  obscured  by  vast  quantities  of  loeil 
angular  blocks,  whiUt  the  rounded  materials  in  the  lower  groaodsor 
valleys  are  more  varied,  and  occasionally  constitute  coane  <Mar.  la 
approaching  Johannisholm  however,  the  observer  is  suddenly  atmck 
with  the  appearance  of  a  quantity  of  debrb  of  aandstone,  and  €0 
turning  to  the  north  he  has  only  to  travel  for  a  few  miles  akMig  tbt 
eastern  shore  of  the  Wenjan  Lake  to  perceive  tliat  all  other  detritai 
disappears,  the  whole  mass  consisting  of  angular  blocks,  oecaiiioa; 
ally  of  enormous  size,  composed  of  hard,  red,  purplish*  greenisli  or 
whitish  sandstone.  These  constitute,  in  truth,  the  mere  oover  of  a 
vast  expanse  of  horizontal  sandstone,  which  further  to  the  north  m 
detected  beneath  this  chaos,  and  which  I  shall  give  reasons  for  he* 
lieving,  in  a  subsequent  memoir,  to  be  the  equivalent  of  the  oid  red 
sandstone  of  the  British  Isles,  and  therefore  of  the  same  age  as  rocks 
which  I  Imve  described  in  Norway.  This  great  sandstone  range  is, 
in  fact,  encased  between  great  bands  of  porphyry  that  occupy  wooded 
hills,  the  f  astern  limit  of  which  is  that  traversed  in  passing  from  the 
Siljan  to  the  Wenjan  Lake,  while  the  other  limit  forms  the  westeni 
bank  of  the  latter  lake.  In  this  way,  by  jiassing  from  east  to  wcai 
or  west  to  east  across  the  southern  ends  of  such  ranges,  the  observer 
can  correctly  define  how  truly  the  Swinlish  detritus  has  bt^n  |iro- 
pelled  in  traifi/*es  deviating  slightly  only  to  the  east  and  west  of  their 
general  direction  from  north  to  south.  But  the  chief  point  on  whiek 
1  wish  to  dwell,  is  the  extraordinary  aspect  presented  by  this  "  felsen-^ 
meer  "  or  **  cherres"  of  enonnous  angular  blocks  of  finely  laminated 
sandstone,  which  occupy  a  tract  many  miles  in  length,  no  ])art  of 
which  is  more  than  100  or  200  feet  above  the  lake^.  My  conip^ 
nion  and  myself  were  absolutely  lost  in  astonishment  at  the  soeoe 
which  lay  before  us  as  we  penetrated  further  and  further  into  the 
undulating  woodlands  of  this  chaos,  the  confusion  of  whose  piles  of 
angular  sandstone  over  a  wide  flat  district  is  here  and  there  quite  as 
striking  as  if  the  debris  were  lying  on  the  steep  slopes  of  the  Alpa^ 
whether  at  Hosbach  in  the  canton  of  Schweitz,  or  in  many  other 
known  localities,  where,  from  subsidences  on  the  sides  of  inland  or  oia«' 

*  The  reader  will  bear  in  mind,  that  although  the  higher  parts  of  Dalecarlia  are 
rather  more  mountainous  than  the  portion  of  Sweden  to  the  south  of  them,  there 
is  rarely  a  porphyry  summit  which  exceeds  1200  or  1500  feet  alxive  the  tea,  whilst 
the  depressions,  whether  occupieil  hy  rivers  or  inosculating  river  lakes,  are  at  very 
small  elevations  above  the  Hca«  and  the  whole  drainage  of  the  region  is  most 
tranquil.  In  sliort,  Dalecarlia  (from  which  the  rivers  descend  to  the  sea  at  quite 
as  small  inclinations  as  in  the  sloping  and  flat  tracts  of  England  and  France)  is  as 
anti'fflaeier  a  conntry  as  can  be  well  imagined,  and  is  only  surpassed  in  that  chs^ . 
racter  by  the  great  mass  of  the  Scandinavian  continent  to  the  south  of  it.  At 
the  confines  of  Norway  the  elevations  begin  however  to  assume  an  Alpine  cha* 
racter,  and  there  (within  certain  limits)  the  glacialist  might  begin  to  ap}>ly  hb 
theory.  But  even  there  he  is  met  by  M.  Durucher,  who  has  observed  and  d»* 
scrilNMl  large  horizontal  tracts  of  sand  in  which  the  (|uartz  grains  only  renudB, 
the  mica  and  felspar  of  tlie  original  matri:i  having  be<;n  dissolved  and 
away, — a  condition  of  things  only  to  be  cxi>1aincd  by  aqueous  causes. 
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ritimc  clifTH,  such  falls  df  angular  masses  of  roc^  are  not  vnfrequeot. 
In  numerous  spots,  indeed,  the  blocks  of  sandstone,  though  completely 
disjointed  and  widely  separated,  conform  on  the  whole  to  a  horizon- 
tal arrangement,  and  it  was  only  at  very  rare  intervals  that  we  could 
detect  the  subjacent  horizontal  parent  rock  from  which  they  had 
been  dislocated*. 

Whatever  may  be  the  cause  assigned  for  the  production  of  this 
ohaos  in  sitt^  there  can  be  no  sort  of  doubt  that  the  same  agent 
has  operated  over  several  degrees  of  latitude  in  Sweden,  effect- 
ing exactly  similar  results  on  innumerable  low  ridges  of  hard  rock, 
whether  they  be  composed  of  granite,  of  gneiss,  of  quartz  rock, 
of  porphyry,  or  of  finely  laminated  sandstone.  If  therefore  some 
authors  have  been  disposed  to  attribute  the  abruptly  broken  frag** 
meiits  of  certain  granites,  as  well  as  their  degraded  surfacest»  to  the 
mere  action  of  the  atmosphere  and  concentric  exfoliation,  how  can 
they  contend  that  such  an  agent  can  also  have  produced  the  same 
appearances  in  stratified  sandstones  ?  How,  in  a  word,  can  atmo- 
spheric agency,  which,  if  it  did  anything,  would  only  round  off  the 
edges  of  hard  sandstone,  have  piled  up  these  masses  in  every  gro- 
tesque attitude  on  each  other,  at  all  angles  of  inclination  in  refer- 
ence to  their  original  bedding,  and  even  sometimes  in  vertical  po* 
sitions?  The  observation  of  such  phaenomena  in  a  low  and  slightly 
undulating  region,  remote  from  high  mountains,  is  important  as  en- 
abling us  to  discard  any  partial  views  founded  on  the  exfoliation  of 
certain  granitic  rocks,  and  compels  us  to  seek  for  some  powerful 
mechanical  agency  by  which  the  chaotic  arrangement  of  enormous 
blocks  apparently  in  situ  has  been  produced  in  such  situations. 
Before  we  consider  this  question,  which  leads  to  one  of  the  ge- 
neral conclusions  with  which  this  memoir  will  be  terminated,  I 
may  say,  that  most  of  these  blocks  consist  of  finely  laminated  and 
slightly  micaceous  hard  sandstone,  and  that  many  of  these  split  into 
large  flagstones  of  variegated  colours,  and  with  spots  and  ripple* 
mark  surfaces,  while  others  are  more  indurated,  thick-bedded  and 
quartzose,  splitting  under  the  hammer  rather  with  a  conchoidal  than 
a  laminated  fracture.  As  a  whole,  however,  they  so  evidently  be- 
long to  one  original  mass  extending  over  an  area  of  many  square 
miles,  that  independently  of  the  existence  of  horizontal  sandstones 
in  places  which  are  quarried  in  this  range  a  little  to  the  north,  it  is 
quite  clear,  from  this  uniform  structure  alone,  that  the  rocks  con- 
stitute merely  one  subdivision  of  the  Old  red  formation  of  Scandi- 

*  In  the  discussion  which  followed  the  reading  of  M.  Durocher's  memoir  before 
the  Geological  Society  of  France  in  November,  and  in  wliich  I  took  part,  my  friend 
and  companion,  M.  de  Verneuil,  stated  some  of  the  facts  rdating  to  this  singular 
tract.  But  the  phenomenon  is  too  important  to  be  parenthetically  disposed  of, 
and  requires  the  further  explanation  which  I  now  offer. 

t  I  fally  admit  that  in  Cornwall,  and  in  many  other  granitic  tracts,  atmo- 
spheric action  has  so  affected  the  rocks  (in  the  manner  ably  explained  by  Dr. 
M^'Culloch),  that  the  detached  blocks  have  often  the  appearance  of  superficial 
detritus.  But  the  ^  toes''  and  granitic  blocks  m  titu  of  those  countries  are  wholly 
unlike  the  great  angular  and  abruptly  broken  blocks  of  the  tracts  under  con- 
sideration. 
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travia,  wbfch  cftretching  over  a  wide  expanse  in  these  parts,  lias  been 
thus  broken  np  without  exhibiting  those  changes  of  lithologiotl 
eharacter  which  are  so  conspicuous  wherever  deep  escarpmeDta^ 
like  that  of  the  Tyrifiord  near  Christiania,  are  exposed,  ana  where 
eonglomerates  and  hard  siliceous  beds  occupy  the  summit,  thiek- 
bedded  and  earthy  sandstone  the  centre,  and  flagstones  the  base. 

Now,  notwithstanding  the  almost  perfect  angularity  of  these  broken 
masses  (which  are  just  like  the  fragments  that  fall  from  natural 
joints  in  a  quarry),  it  is  curious  to  observe  that  occasionaHy  (tliongh 
rarely)  a  small  rounded  boulder  of  porphyry  may  be  detec^ted  be- 
tween their  interstices,  and  that  here  and  there  a  considerable  qnan-> 
tity  of  sandstone  and  smaller  detritus  is  mixed  with  loo^e  sand,  and 
u  seen  lying  around  the  base  and  lower  edges  of  the  blocks.  Thb 
fact  seems  to  prove,  that  by  whatever  cause  the  blocks  were  dislo- 
cated, water  has  since  passed  over  and  between  them,  though  not 
with  such  power  in  this  tract  as  to  abrade  them,  and  merely  trans- 
porting a  very  few  foreign  pebbles,  has  only  had  sufficient  energy 
to  clear  away  much  of  the  intermediate  loose  sand  and  smaHer 
broken  materials,  converting  them  into  the  fragmentary  shingle 
which  we  see  in  the  train ^  to  the  south  of  this  sandstone  range. 
From  these  facts*  I  would  infer,  that  the  currents  which  proceeded 
to  those  countries  from  Scandinavia  acted  with  much  greater  in- 
tensity on  certain  lines  than  on  others ;  in  some  leaving  **  cherres  ** 
of  broken  rock  almost  unaltered,  like  the  one  now  under  considera- 
tion, and  in  others  powerfully  abrading  the  surface  by  hurling  over 
it  prodigious  masses  of  detritus. 

In  quitting  the  region  of  Silurian  rocks,  Old  red  sandstone  and 
porphyry  at  Furadal,  on  the  northern  frontier  of  Dalecarlia,  and  in 
travelling  thence  westwards  towards  Alfla,  all  trace  of  porphyritic 
or  sandstone  detritus  vanishes  as  soon  as  we  regain,  on  a  idore 
northern  parallel  than  that  just  described,  the  region  of  granitic 
gneiss,  large  tracts  of  which  exhibit  the  usual  phsenomena  of  an- 
gular gneiss  blocks  in  siiu^  or  the  same  material  partially  trans- 
ported to  the  summits  of  other  rocks,  or  osar  of  sand,  clay,  sand  or 
gravel,  as  the  case  might  be :  all  the  detritus  is  granitic  or  gneiss- 
ose ;  and  thus  the  proofs  are  complete  respecting  the  independence 
of  the  trainees  of  Scandinavian  drift,  as  derived  from  the  nornial 
positions  of  the  rocks  in  situ  to  the  north  of  them. 

In  our  published  work  on  Russia,  my  friends  and  myself  have  en- 
deavoured to  explain  at  some  length  our  ideas  upon  the  whole  subject 
of  the  northern  detritus,  and  the  evidence  obtained  during  our  last 
tour  seems  materially  to  strengthen  the  probabilitv,  that  in  respect  to 
all  the  low  countries  of  Scandinavia,  the  assumption  of  heavy  masses 
of  drift  having  been  swep»  over  the  surface  by  powerful  aqueous 
currents  will  alone  explain  the  phsenomenon  of  the  abrasion  and 
striation  of  the  subjacent  rocks,  and  that  the  outlines  and  relations 

*  This  view  it  indeed  alao  sustsined  by  all  the  superficial  phaenomenaof  Binm, 
Poland  and  Northern  Germany,  to  which  countries  the  Scandinavian  g^tvel  a«4 
worn  detritus  have  been  propelled  in  distinct  train^s  from  north  to  south,  each  one 
separated  by  tracts  in  which  few  or  no  erratic  materials  are  found. 
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of  the  region  are  $ucby  and  the  detaib  in  it  are  so  developed,  that 
by  no  physical  possibility  could  terrestrial  glaciers  have  traversed 
these  vast  low  and  undulating  tracts,  still  less  could  such  bodies 
have  advanced  from  the  Baltic,  up-hill  over  the  Valdai  bilk  and 
other  eminences  of  Poland  and  Germany,  from  whence  the  rivers 
descend  to  the  Baltic  on  the  north.  We  believe  that  at  the  period 
when  these  currents  were  set  in  motion  (and  thb  we  believe  to  have 
been  effected  by  successive  and  sudden  upheavals  of  the  northern 
chain  of  Scandinavia,  aided  perhaps  by  a  corresponding  depression  to 
the  south,  which  deepened  the  sea  in  that  direction,  and  which  also 
produced  great  waves  of  translation),  various  appearances  were  pro- 
duced by  friction  and  by  the  passage  of  masses  of  gravel  and  sand, 
which  left  behind  them  an  impress  on  the  surface  of  rocks  since  raised 
into  dry  land,  very  similar  to  that  which  has  been  produced  in  moun- 
tainous or  alpine  countries  by  land  glaciers.  We  saw  no  reason  at  the 
time,  nor  do  we  see  any  reason  now,  to  doubt  that  great  and  heavy 
masses  of  drift,  when  impelled  by  powerful,  active  and  rapid  marine 
currents  may  have  produced  effects  similar  to  those  now  and  for- 
merly produced  by  the  slow  onward  march  of  a  glacier.  In  addi- 
tion to  our  former  hypothesis,  we  now,  however,  willingly  append  to 
it  a  portion  of  the  theory  of  M.  Durocher,  who,  not  considering  the 
weight  of  the  drifl  as  a  necessary  postulate,  explains  the  polished 
and  grooved  sides  and  surfaces  of  narrow  canals  and  longitudinal 
cavities  by  the  greater  velocity  and  force  of  the  currents  wherever 
thev  were  confined  and  forced  through  contracted  channels. 

But  in  excluding,  together  with  Sweden,  all  the  lower  tracts  of 
northern  Europe,  and  silso  of  the  British  Isles,  from  the  possible  ap- 
plication of  the  glacier  theory,  we  differ  somewhat  from  M.  Duro- 
cher, and  are  disposed  to  admit  its  strict  and  true  application  to 
uoany  bolated  tracts,  whose  lofty  mountains  and  divergent  valleys 
afford*  as  in  Norway,  tlie  geographical  features  required  and  the 
postulates  of  the  Alpine  problem.  The  surfaces  of  these,  indeed, 
offer  proofs  of  the  movement  of  glaciers  having  formerly  acted  on 
their  surfaces,  and  we  doubt  not  that  the  present  glaciers  of  Nor- 
way (some  of  which  exhibit  proof  of  having  formerly  extended 
to  greater  distances  than  at  present  from  their  respective  common 
centres)  may  have  been  more  extensive  at  a  former  period,  parti- 
cularly in  their  range  to  the  N.N.E.  We  think  that  parts  of  them 
may  then  have  been  prolonged  into  a  glacial  or  icy  sea,  which 
when  broken  up  afforded,  in  the  first  instance,  many  of  the  mate- 
rials of  the  drifi  we  have  described,  and  that  from  their  edges  may 
afterwards  have  been  detached  numberless  icebergs,  which  floated 
away  many  angular  blocks  to  distances  of  hundreds  of  miles  to  the 
spots  where  they  are  now  seen  piled  up,  often  upon  the  surface  of 
low  eminences. 

The  feature  however  of  the  immense  masses  and  piles  of  angular 
blocks  in  ridges  and  in  situ^  by  which  the  attention  of  my  fellow- 
traveller  and  myself  was  last  year  most  especially  arrested,  is  one  for 
which  it  is  perhaps  more  difficult  to  assign  a  probable  cause. 

Any  one  unacquainted  with  certain  northern  operations  of  frozen 
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water  uifght  well  view  these  piles  of  angular  blocks,  6trewe4  InwiH 
larl J  over  and  lying  directly  upon  the  parent  rock  from  wJlick  tfiejr 
had  been  torn  up,  as  having  resulted  from  sudden  shocks  or  jars» 
which,  without  throwing  up  the  beds  into  different  and  distinct 
ridges,  as  in  many  other  parts  of  the  world,  simply  shattered  them 
into  numerous  fragments  by  general  convulsive  earthquakes  which 
affected  broad  horizontal  areas.  But  whether  or  not  such  a  cause 
be  admitted  as  having  had  any  share  in  originating  the  cracks  and 
fissures,  the  tumultuous  condition  into  which  the  enormous  frag^ 
ments  have  been  thrown  may,  it  seems  to  me,  be  best  explained  by 
supposing  that  they  were  thus  piled  up  in  a  shallow  glacial  sM,  tlJc; 
ice  of  which  forming  in  their  interstices  and  around  them  would, 
during  periodical  thaws  and  debacles,  rend  the  jointed  mas^ 
asunder,  and  by  its  expansion  and  elevation  mingle  them  in  that 
chaotic  fashion  which  drift  ice  is  so  often  seen  to  assume  iii  the 
polar  regions,  and  which  I  have  myself  witnessed  on  the  surfkee  of 
the  great  Russian  lakes  during  the  spring  thaw.  In  further  explaiM^ 
tion  of  this  view,  I  simply  refer  the  Society  to  an  explanation  which  I 
formerly  presented  to  it  of  the  manner  in  which  rocks  in  tku  on  the 
banks  of  the  Dwina  near  Archangel  are  now  raised  up  into  ridges 
of  angular  materials  by  the  bursting  of  the  river  ice,  and  which,  in 
reference  to  angular  block  ridges  of  fomior  date  a)  different  leveb 
along  the  sides  of  the  lake  of  Onega,  has  been  illustrated  at  length  m 
the  work  upon  Russia  and  the  Ural  Mountains  *. 

Fig.  16. 


/.  AledgcofcwbonlferotuUmeatone.  a.  High  bank  of  nuid. 

<r.  Slope  of  ditto    ditto.  e.  High  water  of  river* 

b.  Broken  pile  ^  fragmenta  of  ditto.  d.  Low  water  of  ditto. .  ,  ^ 

The  first  of  these  figures  (16)  represents  the  bank  of  the  rivcff 
Dwina,  occupied  by  a  ledge  of  carboniferous  iiuiestone  (y*)^.firoiB 
the  upper  portion  of  the  sloping  talus  of  which  (o)  are  pile«  or>aii*^ 
gular  fragments  (h)  which  lie  between  the  high  water  mark(e)  andiha 
summer  level  of  the  stream  (d) ;  the  augular  blocks  (b)  having  bc«ft 
thrown  up  by  the  expansion  and  bursting  of  the  frozen  water  fopned 
in  the  interstices  of  the  parent  rock.  The  loose  sands  (a)  have  re-* 
suited  from  aqueous  action  of  a  former  period. 

Diagram  (17)  represents  a  triple  tier  of  angular  blocks  (6,  ft,  hy 
on  the  .western  shore  of  the  lake  Onega,  south  of  Petrozavodsk^ 
where  the  action  of  frozen  water  (during  nortliern  spring  debacka^ 
is  presumed  to  have  acted  at  successive  periods,  before  the  lake  w«a 
reduced  from  its  former  levels  (c,  c,  c)  to  its  present  level  (d%'m 
the  same  manner  as  on.  the  Dwina  at  the  present  day.  lu  thia  exr-- 
ample,  the  rock  is  a  hard  sandstone,  not  very  unlike  that  of  th« 

*  Loe,  eit.  vol.  I.  p.  568. 
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d  angulai 
-eut  rock 

Fig.  17. 


Wenjan  Lake,  whilst  the  local  angular  blocks  in  $iiu  (&,  6,^),  idco- 
tical  iQ  structure  with  the  parent  rock  (o),  are  strikingly  contrasted 


HOI  of  Komexubor. 


Andeat  level  of  lake. 


Siliceous  laadrtooe. 

with  the  far-transported  crystalline  erratics  (/)  which  occupy  the 
higher  portion  of  the  hill. 

Whether  this  hypothesis,  founded  on  a  cause  now  in  operation, 
be  accepted  or  not,  to  account  for  the  Dalecarlian  pbaenomenon, 
no  one  can  view  these  great  broken  and  remarkable  piles  on  lerel 
surfaces  without  seeing  that  they  are  the  original  sources  from 
whence  many  of  the  angular  erratics  which  cover  the  tracts  to  the 
south  of  these  have  been  derived,  and  no  one  has  yet  ventured  to 
offer  any  rational  explanation  of  how  such  masses  should  have  tra- 
velled hundreds  of  miles  and  yet  have  preserved  their  angularity, 
except  by  supposing  that  they  were  transported  by  floating  ice« 
The  examination  of  North  Sweden  and  the  ridges  in  question  leads 
me  to  believe  that  icebergs,  as  derived  from  terrestrial  glaciers,  do 
not  in  themselves  offer  a  sufficient  cause  for  all  the  features  of  the 
erratic  phsenomena ;  but  that  if  large  and  lofty  icebergs  were  re-  • 
quired  to  float  blocks  to  great  distances,  we  must  also  imagine 
that  sea-formed  sheet-ice,  encompassing  certain  shattered  and  rocky 
ridges  and  islets,  may  also  have  urged  southwards  for  certain 
distances  on  ice-floes  or  ice-rails,  a  great  number  of  those  an- 
gular erratics  which  extend  over  the  northern  and  central  parts  of 
Sweden. 

In  offering  these  hypothetical  views,  I  care  little  for  their  adop- 
tion or  rejection.  My  main  object  in  thus  bringing  additional 
facts  before  geologists  is  to  show,  that  however  inadequate  my  own 
theory  may  be  to  account  for  all  the  northern  superficial  phenomena 
in  question,  strong  reasons  at  all  events  exist  for  the  restriction 
of  the  terrestrial  glacier  theory  to  its  legitimate  domain ;  and  not 
doubting  that  many  surface  appearances  (undoubtedly  all  those  in 
flat  regions)  have  been  produced  by  nothing  but  aqueous  drift,  put 
in  motion  by  vibrations  of  the  crust  of  the  earth,  which  brought 
into  action  the  great  transporting  power  of  water,  whilst  other  de- 
bacles were  caused  by  glaciers,  and  others  again  by  the  breaking 
up  of  former  glaciers  and  glacial  seas,  it  is  clear  that  in  reference 
to  this  subject  our  future  business  as  geologists  is,  not  to  contend 
for  the  exclusive  operation  of  any  one  of  these  causes,  but  to  en- 
deavour calmly  and  patiently  to  work  out  each  case  on  its  own 
merits,  instead  of  appealing  to  one  universal  cause  for  the  produc- 
tion of  rounded,  polished,  abraded,  grooved  and  striated  rock-sur- 
faces. 

And  here  I  would  furtlier  observe,  that  however  it  may  be  argued, 
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that  in  moantaioous  tracts  torrentud  riven  aiid  their  fccdcim  mmf 
haye  descended  in  past  times  as  they  do  now,  and  umj  Urns  have 
pro<Iuced  rounded  materials  in  valleys,  the  argument  ia^  at  all  eirenCi^ 
perfectly  inapplicable  to  the  formation  of  the  Swedish  osftr.  These 
linear  ridges  have  not  only  l>een  accumulated  in  long  tnuii6es  aad 
lengthened  mounds  or  terraces  high  above  the  valleyv,  aiNi  offiniiig 
appearances  entirely  unlike  those  produced  by  rivers,  but  it  ii  irt 
the  same  time  evident,  from  the  most  casual  inspection  of  the  eoao- 
try,  that  as  it  now  contains  no  torrents  (all  its  streama  beii^  geotlT- 
gliding  waters  which  merely  connect  inosculating  and  long  faikea), 
so  in  the  period  immediately  preceding  our  own,  when  the  ixlatiui 
of  outline  must  have  heen^  pari  passu,  the  same  which  now  prevail, 
no  such  river  torrents  can  have  acted  in  the  level  and  nnrtahitiiig 
countries  of  Sweden.  But  even  this  refutation  is  unealled  Ibr,  amaa 
large  portions  of  these  Bat  countries  offer  indisputable  proof  ia  their 
included  marine  shells  of  having  been  beneath  the  sea  dorlDg  the 
accumulation  of  water-worn  gravel  and  sand-banka,  which  oatead 
over  at  least  ten  degrees  of  latitude. 

In  studying  phaenomena  more  deeply  seated  than  thoee  ander 
consideration,  the  phcenomena  on  which  the  very  elements  of  mmwi 
geology  now  rest,  a  few  years  only  have  elapsed  since  the  aeieotifte 
world  was  agitated  by  Wemeriau  and  Huttonian  theories,  neither 
of  which,  when  exclusively  considered,  have  proved  to  be  entirel? 
true,  but  which,  when  combined,  have  been  found  to  hammnin 
with  the  observed  laws  and  order  of  Nature ;  and  so,  if  I  mistake 
not,  will  it  be  with  the  glacial  and  aqueous  transport  of  laateriali 
over  the  surface  of  the  globe,  each  of  which  will  be  foond  to  have 
performed  its  due  part  in  bringing  about  those  superficial  appear- 
ances; for  it  seems  unphilosophical,  if  not  impossible,  to  attenapt  to 
explain  them  all  upon  any  one  hypothesis.  In  apportioDing,  how* 
ever,  to  each  of  these  causes  its  true  effects,  I  doubt  not  that  ia 
regarding  the  surface  of  the  globe,  we  must  look  to  the  aetioa  af 
water  as  of  infinitely  wider  operation  than  that  of  ice. 

In  concluding  this  memoir,  I  beg  to  add,  that  the  conelasiona  at 
which  the  distinguished  naturalists,  Owen  and  Edward  Forbesy  have 
recently  arrived,  as  drawn  from  their  researches  into  the  nmsca  of 
ancient  zoological  and  botanical  distribution  from  common  ceirtresy 
seem  to  harmonize  strikingly  with  my  own  views  and  those  of  mn 
colleagues  as  expounded  in  the  work  on  Russia  or  as  developed  oa 
this  occasion.  Professor  Owen  has  given  reasons,  which  to  my 
mind  prove  to  demonstration,  that  the  British  Isles  must  have  baea 
oonnected  as  dry  and  habitable  land  with  the  continent  of  Eoiope^ 
when  the  lai^e  mammalia  of  lost  races,  as  well  as  many  qaadmpedb 
still  living  among  us,  were  extended  into  our  country.  Pmfcasof 
£.  Forbes,  on  the  other  hand,  has  shown*  that  the  oceurrenee  of 
certain  isolated  groups  of  Scandinavian  plants  on  the  summits  of 
some  of  our  mountains  can  be  best  accounted  for  by  the  floating  of 
icebei^,  which  transported  plants  and  seeds  as  well  as  northern 

*  Memoin  of  the  Geological  Survey  of  Great  Britain,  vol.  i.  p.  336. 
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blocks  from  the  Scandinavian  chain  during  the  posit-pliocene  or 
glacial  period,  when  the  highest  points  only  of  the  British  Isles  ^e 
supposed  to  have  been  above  the  waters. 

Coupling  these  inductions  of  eminent  naturalists  with  the  geolo- 
gical phsenomena  exhibited  around  the  British  coasts,  and  even  at 
great  distances  in  the  interior  of  our  islands,  where  shells  of  the 
postrpliocene  or  glacial  period  are  found  at  considerable  heights, 
we  must  admits  that  here,  as  in  Scandinavia,  some  uf  the  greatest 
modifications  of  the  physical  outlines  of  all  these  countries,  and  the 
most  powerful  changes  in  the  relations  of  land  to  water  which  the 
chronicles  of  the  earth  can  furnish,  have  taken  place  in  those  last 
great  geological  operations  which  apparently  link  on  our  own  pe- 
riod to  a  former  condition  of  things.  What  grander  movements  of 
elevation  and  depression  can,  for  instance,  be  appealed  to,  than  those 
by  which  European  Russia  and  Northern  Germany  (which  were 
unquestionably  submarine  when  the  erratics  were  distributed)  were 
raised  up  into  massive  continents  to  be  tenanted  by  quadrupeds, 
most  of  which  have  now  passed  away  ?  or  when  Scania  was  raised 
into  land  and  peopled  by  great  mammalia  common  to  it  and  to  the 
acUacent  continent,  whilst  vast  tracts  to  the  north  of  it  were  still  be- 
oeath  the  sea,  or  uninhabitable  from  other  causes?  Yet,  since  the 
period  when  such  animals  roamed  from  Germany  into  Scania,  the 
deep  fissures  of  the  Sound  and  the  acyacent  Baltic  have  been  scooped 
out;  whilst,  according  to  Danish  legends,  supported  indeed  (accord- 
ing to  Professor  Forchhammer)  by  much  geological  evidence,  vast 
tracts  of  land  were  simultaneously  submerged  along  the  western 
coasts  of  Denmark.  Coming  then  to  our  own  homes,  we  there  find, 
from  a  combination  of  zoological  and  botanical  with  geological  evi- 
dence, that  although,  iu  the  most  recent  of  former  epochs,  the  British 
Islands  were  beneath  the  sea,  they  must,  in  common  with  the  great 
masses  of  the  continent  above  alluded  to,  have  been  subsequently 
raised  into  dry  land,  and  must  have  continued  united  during  a  pe- 
riod of  sufficient  length  to  allow  numerous  genera  and  species  of 
plants  and  animals  to  extend  themselves  from  their  original  centres 
of  creation  to  our  *' Ultima  Thule";  and  finally,  that  after  this 
comparatively  recent  continental  diffusion,  the  lands  have  been 
severed  and  isolated  by  the  formation  of  those  channels  which  now 
constitute  the  German  Ocean,  the  Straits  of  Dover,  and  the  Irish 
&ea. 

Truly,  therefore,  may  geologists  be  allowed  to  draw  largely  upon 
time  in  calculating  their  periods  from  the  present  day  to  the  dawn 
of  the  protozoic  age,  when  they  see  that  the  last  great  superficial 
changes— changes  as  it  were  of  yesterday,  when  viewed  as  a  part  of 
the  whole  terrestrial  cycle-— have  occurred  since  the  creation  of  many 
species  of  beings  whose  descendants  are  among  our  associates. 

£.  Forbes's  paper  is  entitled,  **  On  the  Connexion  between  the  Distribution  of  the 
existing  Fauna  and  Flora  of  the  British  Islands,  and  the  Geological  Changes  which 
have  affected  their  area  especially  during  the  epoch  of  the  Northern  Drift;"  and 
the  subject  was  first  presented  to  notice  at  the  Meeting  of  the  British  Association 
h«kl  iu  Cambridge  in  1845. 
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Captain  Otter,  R.N.,  and  J.  H.  Perry,  Esq.,  were  elected  Fellows 
of  the  Society. 

The  following  communications  were  read : — 

I.  On  the  Subdivision  ofthegentu  Terbbratula. 
By  John  Morris,  Esq.,  F.G.S. 

The  genus  Terebratula  is  one  of  the  most  interesting  of  the  family 
Brachiopoda,  inasmuch  as  it  ranges  under  every  variety  of  form 
throughout  the  whole  series  of  deposits  from  the  palfleosoie  to  the 
tertiary  formations,  and  is  found  widely  distributed,  although  not 
numerous  in  species,  at  the  existing  epoch. 

The  name  Tereln'otula,  first  used  by  Llwyd,  although  not  adopted 
by  Linnsus,  was  appreciated  by  Brugui^re,  and  finally  establiahed 
by  Lamarck  in  the  '  Systeme  des  Animaux  sans  Vert^bres,'  Where 
he  classified  and  described  a  large  number  of  species,  which  appear, 
with  additions,  in  the  same  work  as  re-edited  by  M.  Deshayes. 

The  great  number  of  species  which  have  been  added  of  late  jttM 
to  this  genus  has  long  made  it  desirable  to  subdivide  it,  and  variolic 
attempts  have  been  made  by  different  authors  to  establish  subordi- 
nate groups ;  of  these  it  is  necessary  to  give  some  account  before 
proceeding  to  that  which  it  is  now  proposed  to  substitute  for  then, 
as  being  founded  on  the  discovery  of  a  different  mode  of  clasBifi* 
cation. 

Lamarck  (181 9)  simply  divided  the  Terebratulse  into  two  groups, 
namely  1.  smooth,  without  longitudinal  grooves,  and  2.  kusgitudi* 
nally  striated.  Defrance  (1827),  in  the  '  Dictionnaire  des  Sciences 
Naturelles,'  followed  this  order  in  his  notice  of  the  fossil  species,  and 
De  Blainville  did  so  also  for  the  recent  ones  described  in  the  same 
work;  the  latter  author  however  suggested  another  arrangement 
founded  on  the  greater  or  less  development  and  form  of  the  apophy* 
sary  system. 

Of  the  many  special  treatises  on  this  genus,  that  by  Baron  Leo- 
pold von  Buch  is  the  most  important  and  perfect,  as  it  attempts  to 
classify  the  various  species  upon  sound  principles  and  by  a  careful 
examination  of  all  the  characters;  and  this  classification  indeed 
forms  to  a  certain  extent  the  basis  of  the  arrangement  on  which, 
with  some  modifications  hereafter  proposed,  the  Terebratulss  may 
be  based.  In  this  memoir*  it  will  be  perceived  that  Von  Biien 
classed  the  Terebratulae  under  three  sections:  1st,  '^  Umfassendf*' 
the  deltidial  area  completely  embracing  or  surrounding  the  fora- 
men ;  2nd,  '*  Sectirend"  the  deltidial  area  enclosing  only  a  small 
portion  of  the  foramen ;  and  3rd,  '<  Discret"  the  deltidial  area  not 

*  Abhand.  der  Akad.  der  Wiss.  zu  Berlin,  1833,  p.  36 ;  Mem.  de  la  Soc  G6qL 
de  France,  torn.  iii.  p.  118. 
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being  continuous  throughout,  but  separated  into  two  distinct  parts ; 
and  although  all  tlie  species  so  arranged  by  Von  Buch  do  not  ex- 
actly accord  with  the  sections  we  now  propose,  it  is  interesting  to 
observe  that  nearly  all  of  those  belonging  to  the  first  section  are  also 
species  of  our  second  group  HypothyridcBy  and  are  not  punctate, 
while  the  second  and  third  sections  contain,  with  very  few  excep- 
tions, all  the  species  included  under  our  Epithyrida^  or  pufictated 
group.  In  speaking  merely  of  the  Terebratuiae,  it  is  not  necessary 
to  refer  to  the  other  subdivisions  of  the  Brachiopoda  proposed  by 
Sowerby,  Dalman,  Von  Buch,  or  Professor  Phillips;  the  latter  adopts 
the  variation  of  the  foramen  as  the  principle  of  his  classification, 
and  subdivides  the  genus  Terebratula  {CyclothyridtB)  into  Epithy" 
ris  and  HypothyriSj  as  indicating  the  position  of  the  foramefi,  these 
two  groups  nearly  according  with  the  view  adopted  in  the  present 
memoir. 

In  my  early  investigations  of  the  Terebratulae,  I  ascertained  that 
among  the  recent  species,  one  only,  71  psittacea,  was  not  punc- 
tated*, and  this  species  also  has  an  acute  beak,  below  which  there  is 
a  deltidial  opening,  the  deltidium  being  scarcely  developed  on  each 
side,  and  a  slight  apophysary  system.  Of  this  type  there  is  now 
another  recent  species  known,  whilst  all  the  other  recent  species 
with  which  we  are  acquainted  have  a  minutely  punctated  struc- 
ture, the  beak  of  the  dorsal  valve  being  more  or  less  truncate,  and 
the  internal  apophysary  system  more  developed. 

Dr.  Carpenter  has  abo  added  considerably  to  our  knowledge  of 
tlie  structure  of  Terebratula,  in  his  Report  to  the  British  Associa- 
tion *0n  the  Microscopic  Structure  of  Shells,*  and  after  examining 
about  fifty  species,  he  arrives  at  the  conclusion,  "that  with  scarcely 
an  exception,  the  perforated  (punctated)  species  are  smooth,  or 
but  slightly  plicated,  whilst  the  non-perforated  (non-punctated) 
species  are  deeply  plicated"  (Report,  1844,  p.  18tj«  In  thb  me- 
moir Dr.  Carpenter  simply  divides  the  species  into  perforated  and 
non-perforated,  without  pointing  out  any  other  modification  con- 
nected therewith;  but  as  certain  and  constant  characters,  more 
especially  about  the  foramen  and  cardinal  area,  co-exist  with  the 
absence  or  presence  of  these  punctations,  I  think  there  can  be  no 
doubt,  as  stated  in  that  paper,  '*  that  the  punctation  must  have  some 
intimate  relation  with  the  structure  and  habits  of  the  animal,  and 
that  it  must  consequently  be  a  character  of  zoological  importance.*' 

On  separating  the  two  general  forms  which  exist  among  the 
Terebratulae,  those  of  plicated  and  smooth  species,  it  will  be  found 
that  the  majority  of  smooth  species  have  a  truncated  beak  and  a 
punctated  shell ;  on  the  other  hand,  a  very  large  number  of  the 

*  This  fact  was  mentioned  to  Mr.  J.  Sowerby  in  1841,  and  alluded  to  in  his 
observations  on  the  genus  Attypa^  published  in  No.  108  of  the  '  Mineral  Concho- 
logy.' 

t  In  this  paper  Dr.  Carpenter  cites  T.  coarctata  and  T,  subrotunda  as  non* 
punctated  species,  and  T.  acuta  as  punctated,  whereas  the  two  former  are  punc- 
tated and  the  latter  non-punctated,  and  therefore  agree  with  the  other  characters 
belonging  to  the  foramen,  &c. 
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plicated  species  have  an  acute  beak  and  a  non-pancteited  stmctiire. 
Following  out  this  simple  observation,  in  connection  with  tiie  other 
characters  before  mentioned,  we  arrive  at  constant  and  definite  cfam- 
racters  for  two  subdivisions  of  this  genus,  entirely  dependent  on  the 
following  general  proposition  :  viz.  that  certain  positions  ofthcfafta" 
men  tcrUh  regard  to  the  heak^  its  form,,  character  and  reiaikm  9o 
the  dekidial  area,  always  accompany  the  presence  or  ab^ettee  cf  a 
punctated  structure.  To  the  two  divisions  thus  established,  we  hmre 
applied  the  terms  Epithyrid^e  and  Hypothyridct^  as  suggested  bj 
Professor  Phillips. 


Typical  fonna  of  Terebrmtulae. 

Fif .  1.  T.  opuHm,  Lam.,  thowing  the  tnincated  form  of  beak  and  large  deltidial  arem  (BrtniT- 

BiDiB) :  1  a.  front  view ;   1  b.  side  view. 
2.  T.  Menttrdi,  Lam.,  the  deltidial  area  not  surrounding  the  foramen  (Epithtbidjb). 
S.  T.  plictttUiM,  Sow.  (HTPOTBTaiDJS).     In  ronseouence  of  the  thickening  of  the  nat^ttti 

the  foramen,  the  figure  does  not  well  illustrate  tnis  group,  but  the  base  of  the  fcnnMB  it 

within  the  deltidial  area :  3  a.  front  view ;  3  b.  side  \iew. 
4.  T.  ptittacea  (HvpoTBTaiDA) ;  the  plates  of  the  deltidium  are  not  joined  in  th&i afwuM : 

4  a.  front  view ;  4  b,  side  view ;  4  c.  view  showing  the  beak  more  distinctly. 

In  the  first  group,  Epithyridae,  the  beak  is  always  more  or  less 
obliquely  truncate,  the  foramen  being  almost  entirely  surrounded  by 
the  substance  of  the  dorsal  valve  and  lying  above  the  deltidial  area*» 

*  I  have  used  the  term  deltidial  area  to  express  the  small  triangular  space  which 
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which  only  bounds  the  lower  or  anterior  part  of  it  or  leaves  it  open 
below,  this  area  varying  very  much  in  extent,  form  and  directioni 
sometimes  the  area  forming  but  a  very  limited  portion  of  the  enclo- 
sure of  the  foramen,  at  others  enclosing  one-third  or  one-half  of  it» 
but  never  entirely  surrounding  it  (see  fig.  1  and  2).  Within  this  area 
the  deltidium  is  more  or  less  developed,  and  when  the  foramen  is  en- 
tire the  deltidium  generally  fills  up  the  whole  space  of  the  area  between 
the  anterior  part  of  the  foramen  and  the  umbo  of  the  ventral  valve 
( T.  australis,  &c.).  In  some  cases  the  deltidium  extends  neariy 
across  the  area,  leaving  a  small  fissure  in  the  centre,  so  that  the 
foramen  is  open  below  ( T,  dorsata) ;  in  others  it  occupies  but  a 
small  portion  on  each  side  of  the  base  of  the  area,  and  in  this  case 
the  opening  is  large,  being  formed  by  the  foramen  and  the  unclosed 
portion  of  the  deltidial  area  together,  and  only  bounded  by  the  ven- 
tral valve  (  T,  rubroy  T,  truncata^  T.  detruncata)  *,  All  the  species 
liaving  these  characters,  whether  plicated,  costated  or  smooth,  have 
a  punctated  structure,  and  are  generally  longer  than  wide.  The 
species  constituting  thb  section,  and  which  may  be  considered  aa 
true  Terebratulae,  are  very  various  in  external  form  and  character, 
and  may  be  subdivided  into  four  or  five  minor  groups ;  they  are 
readily  distinguished  from  those  of  the  next  section  by  the  absence 
of  the  acute  beak,  and  by  the  fact  that  the  deltidial  area  never  sur- 
rounds the  foramen.  All  the  recent  species  at  present  known  (with 
two  exceptions)  belong  to  this  division,  but  of  the  fossil  forms  be- 
longing to  it  there  are  very  few  simple  plicated  species  (PUcosa^ 
Von  Buch),  while  of  the  ZHchotoma,  species  with  bifurcating  costse 
or  strise,  there  are  four  divisions  difi*ering  in  the  greater  or  less  de- 
velopment of  the  deltidium.  In  the  first  of  these,  Costata  (T.  car- 
dium,  Lam.),  the  beak  is  slightly  produced  and  the  foramen  is  entire. 
In  the  second,  RastratcB  ( T.  lyra^  Sow.),  the  dorsal  beak  is  much 
produced,  the  foramen  terminal,  and  the  deltidium  extending  from 
below  it  to  the  ventral  valve.  In  the  third,  StrinUB  (^T,  atriatulc^ 
Maut.,  T,  capui'Serpeniis))  the  deltidium  is  only  partially  developed 
towards  the  base,  and  the  foramen  is  consequently  not  perfectly  en- 
closed. In  the  fourth,  Expans<B  (  T.  truncaia.  Lam.  &c.)>  the  del- 
tidium is  also  only  partially  formed,  and  the  opening  is  generally 
large,  combined  with  a  straight  cardinal  area.  In  the  LoricatcB 
(  T,  3Ienardiy  Lam. j  (see  fig.  2)  the  shell  is  wider  than  long,  and 
the  deltidium  separated  or  rarely  continuous,  so  as  to  produce  an 
entire  foramen ;  the  cardinal  area  is  large  and  straight.  In  the 
CinctcB  (  T.  quadrifida,  Lam.)  the  beak  is  slightly  curved,  the  fora- 
men is  small  and  entire,  as  is  also  the  deltidium,  which  apparently 
surrounds  about  one-half  of  the  opening.  In  the  small  size  of  the 
foramen  the  Cinctse  are  well-contrasted  with  some  of  the  other 
smooth  species  belonging  to  the  JugaUs  and  CarinoUte.    In  the  Ju- 

is  placed  below  the  beak  in  all  the  species  of  Terebratula,  and  which  is  more  or 
less  filled  up  by  the  two  pieces  of  shell  called  the  deltidium  by  Von  Bach,  and 
which  separates  the  foramen  from  the  hinge  line  of  the  ventral  valve. 

♦  Vide  ♦  Thcsaiirus  Conch yliorum,'  part  7,  by  G.  B.  Sowerby,  for  figures  of  these 
recent  species. 
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gata  there  are  two  liistinct  forms :  one  (  7".  camta^  Sow.)  in  whiefa 
the  foramen  is  small  and  the  cleltidium  scarcely  visible,  while  in  the 
Other  (  T.  oralis,  Lam.,  T,  longirostrisj  Nil^s.)  the  foramen  is  large 
and  the  deltidtam  well -developed.  The  CarimaUe  may  be  ako  di- 
vided into  (1 )  SinuaiiB  (  T.perwxilis,  Sow.),  having  a  large  foranen 
almost  entirely  formed  by  the  dorsal  valve,  the  deltidium  bounding 
but  slightly  the  anterior  portion,  and  (2)  the  Acut^p  (T,  resupinaia, 
Sow.),  with  an  incurved  beak,  a  small  entire  foramen,  and  the  del- 
tidium expanded  at  the  base. 

In  the  second  group,  Hypothyrida,  the  beak  is  always  acute  and 
never  truncate ;  the  foramen  is  entirely  below  the  beak  and  placed 
completely  within  the  deltidial  area;  the  deltidium  either  nearly  sur- 
rounds the  foramen,  as  in  T.  vespertHio^  &c.  and  those  species  in 
which  the  foramen  is  entire  (see  tig.  3),  or  it  partly  lines  the  sides 
of  the  deltidial  area  in  T.  psiitacea  and  those  species  where  the  fo- 
ramen is  not  entire,  but  open  anteriorly  and  bounded  only  by  the 
umbo  of  the  ventral  valve  (tig.  4*);  the  mai^n  of  the  foramen,  when 
entire,  is  either  simple,  or  thickened  and  produced  by  the  expansion 
outwards  of  the  deltidium  itself  (see  tig.  3  b).  In  this  section  all  the 
species  have  dinon- punctated  structure,  are  mostly  deeply  plicated  or 
costated,  generally  wider  than  long,  and  they  have  usually  an  elevated 
central  portion  representing  the  mesial  ridge  among  the  Spiriferae. 

This  group,  which  is  peculiarly  marked  by  the  absence  of  the 
truncated  beak  and  by  the  foramen  or  opening  being  always  within 
the  deltidial  area,  includes  only  two  recent  species,  and  nearly  all 
the  fossil  ones  arranged  by  Von  Buch  under  the  Pugnace<B  and  Cfm- 
cinruBy  two  minor  divisions  well-distinguished  from  each  other ;  the 
PugnacecB  (  T.  acuminata.  Sow.)  having  the  margin  of  the  ventral 
valve  more  elevated  than  the  middle,  the  beak  incurved  or  some- 
what adpressed  against  the  ventral  valve,  and  the  foramen  small  and 
entire,  although  the  deltidium  is  not  much  developed  ;  the  Coii- 
cinncB  ( T,  concinna.  Sow.  &c.)  having  the  middle  of  the  ventral 
valve  more  elevated  than  the  margin,  the  beak  acute  and  produced, 
the  deltidium  surrounding  the  foramen,  and  the  margin  in  some 
species  (T.  vespertilio,  T,  depressa,  &e.)  thickened  and  produced 
outwards.  In  other  species  of  this  group  however  (  T,psittacea)  the 
foramen  is  not  entire,  the  deltidium  being  only  slightly  developed 
at  the  sides  of  the  area. 

Founded  on  the  above  characters,  and  using  the  previous  classifi- 
cation of  Von  Buch  and  Professor  Phillips  for  secondary  divisions, 
the  genus  Terebratula  may  be  either  divided  into  two  sections  of 
Epithyridse  and  Hypothyridae,  as  stated  above,  or  the  second  group 
may  become  a  subgenus,  for  which  either  the  term  Hypothyris^ 
Phillips,  or  Cycloihyris,  as  proposed  by  M*Coy,  may  be  used.  The 
description  of  the  genus  therefore  stands  thus  : — 

Terebratula,  Llwyd. 

Shell  incquivalved, dorsal  valve  perforated  posteriorly;  beak  acute 
or  truncate,   produced  or  recurved  ;  perforation  either  abovr  or 
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it^ithin  the  deltidial  area,  and  more  or  less  separated  from  the  hioge- 
liDe  by  the  deltidlum  or  open  below.  Shell  punctated  or  noii- 
punctated. 

The  genus  is  divided  into  two  sections,  EpUkj^ridiB  and  Hypo-' 
ihyridct. 

EpUht/ficUe, 

Beak  truncate,  a  circular  or  oval  perforation  above  the  deltidial 
area,  either  entire  and  surrounded  principally  by  the  dorsal  valve, 
or  a  round  opening  in  the  dorsal  valve  more  or  less  bounded  at  the 
sides  by  the  deltioUum.    Shell  punctated. 


Group 

1.  Plicata 

1.  Dichotomy. 

a.  Coitata, 

T.chryBalis. 

T.  orbicultfis,  Sow, 

T.  Toreno,  De  Vtm, 

(T.  ctfdium,  Lam,) 

y.  Roitrafm, 
T.  lyra,  Sow. 
T.  pectita,  .StHv. 

T.  ohlonga,  Sow. 

T.  Adrieni,  De  Vem, 

p.  Striata. 

T.  rostrata,  D^. 

T.tubatriata. 

d.Sxpamm. 

T.  striAtala. 

T.  tnmcata. 

T.  Defirandi. 

T.  detruncata. 

Group  2. 

NON-PLICATJE. 

2. 

COBTATil. 

Loricatse. 

Cinctse. 

T.  ooarctata. 

T.loricata. 

T,  quadrifida. 

T.ferita. 

T.  nuimsmalis. 

T.  Menaidi. 

T.  digona. 

T.  Sayi. 

T.  lagenalis. 
T.  oonmta. 
T.  diphya. 
T.bastata. 

3. 

LfiVBS. 

Jugatse. 

Carinatse. 

a.RefHmda. 

a.  l^mMtm. 

T.  camea. 

T.  bipUcata. 

T.  semiglobosa. 

T.  perovaliB. 

T.  longirostris. 

T.  ampnUa. 

T.  elongata. 

T.  omithocephala. 

T.  HarlanL 

T.globata. 

T.  vulgaris. 

p.Jcuii9. 

p.Excmata. 

T.  impreasa. 

T.  sufflata. 

T.  earinata.  Lam, 

Hypothyrid4S, 

Beak  acute,  perforation  below  the  beak  and  within  the  deltidial 
area ;  entire,  and  nearly  surrounded  by  the  deltidlum,  or  not  entire 
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anteriorly,  but  bounded  on  each  side  by  the  deltidial  plates.      Shell 
non-punctate. 

Group  1.  Plicatje. 
1.  Plicos.«. 

a.  Pugnacetp.  T.  acuta. 

T.  acuminata.  Sow,  T.  bidcns,  PML 
T.  pugnua,  Sow,  /3.  Coneiniue. 

T.  riogens.  T.  concinoa,  Sou\ 

T.  varians,  Schioth.  T.  obsoleta,  Sow. 

T.  tetrahedra,  Smv.  T.  decorata. 
T.  triplicata,  Phii. 

2.  DicBOTOM.c.  3.  Striat.e. 

T.  subsiniilis.  T.  reticularis. 

T.  spinosa.  (T.  aflinis,  Sow.) 

T.  lenticoM.  T.  aspera. 

The  above  two  lists  contain  the  names  of  the  species  only  that 
have  been  examined,  and  they  include  most  of  the  typical  forms  of 
Terebratula. 

In  adopting  the  subordinate  divisions  of  Von  Buch,  it  is  necessary 
to  state,  that  in  his  memoir  no  allusion  is  made  to  the  important  re- 
lation exhibited  between  the  structure  of  the  shell  and  certain  cha- 
racters afforded  by  the  position  of  the  foramen  with  regard  to  the 
deltidial  area,  and  it  is  probably  from  these  relations  having  been 
overlooked  that  the  genus  Atrypa  has  become  the  receptacle  of 
many  species  which  are  well-marked  and  belong  to  one  or  the  other 
of  the  above-proposed  groups,  as  for  example  T,haMata^  T.  saceuhu, 
&c.,  which  are  all  punctated  species,  associated  with  otliers,  T.pug- 
ntiSy  T.pleurodon  and  allied  forms,  all  of  which  are  non-punctated. 

The  characters  of  the  groups  above  described,  especially  the  Hy- 
pothyridae,  are  more  easily  recognised  in  the  species  belonging  to 
the  oolitic  than  to  the  palaeozoic  series,  in  consequence  of  the  beak 
of  the  dorsal  valve  being  more  produced  in  those  of  the  former  than 
in  those  of  the  latter  system ;  still,  a  careful  examination  of  the  pa- 
laeozoic species  can  generally  detect  the  embracing  deltidial  area. 

With  regard  to  the  geological  distribution  of  the  two  different 
sections,  it  will  be  found  that  the  species  belonging  to  the  Hypo- 
thyridae  predominated  considerably  during  the  palaeozoic  aera,  a  few 
species  only  of  this  period  belonging  to  the  other  section.  In  the 
Jurassic  and  cretaceous  epochs  the  Epithyridae  increased,  and  even 
outnumbered  those  of  the  other  section ;  and  the  same  group  ap- 
pears at  the  existing  period  to  include  (with  two  exceptions,  and 
those  northern  forms)  all  the  hitherto-described  species  of  Tere- 
bratula. 

In  conclusion,  it  must  be  admitted,  that  however  easily  the  above 
characters  may  be  recognised,  as  forming  a  primary  basis  for  the 
arrangement  of  the  numerous  species  of  Terebratula,  it  will  yet  re- 
quire a  minute  investigation  into  the  form  and  position  of  the  inter- 
nal apophysary  system,  which  doubtless  is  bs  various  in  the  fossil  as 
in  the  recent  species,  before  wo  can  finally  decide  on  the  suhordi- 
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nate  divisions  of  each  of  the  sections  above-proposed ;  thus  we  find 
among  the  Hypothyridse  the  T,  affinis  and  T,  cuspera,  which  with 
an  embracing  area  have  a  spiral  apophysary  system  vertically  placed, 
whereas  in  the  Pugnaceae  and  Concinnse  this  system  becomes  vari- 
ously modified,  and  more  or  less  strongly  developed.  In  the  Epi- 
thyridae  the  T.ferita  has  also  a  spiral  apophysary  system,  but  late- 
rally placed  as  in  the  Spiriferae ;  in  the  T,  digona  (CinctaB)  the  two 
internal  pieces  simply  diverge  towards  the  margin,  and  are  again 
reflected  and  joined  posteriorly  ;  in  the  Jugatae  (  T.  camea)  this  sy- 
stem is  more  modified,  and  resembles  somewhat  that  of  T,  vitrea  of 
the  existing  period  ;  and  many  other  diversities  of  form  of  this  part 
may  be  well  studied  in  the  different  recent  species  belonging  to  this 
section. 

It  will  be  observed  in  the  above  notice,  that  a  small  group  of 
shells  generally  arranged  among  the  Terebratulae,  the  T.  concentrica^ 
have  been  omitted  ;  these  species  possess  only  a  small  deltidial  area 
without  any  foramen*,  are  wider  than  long,  with  no  cardinal  area> 
are  concentrieally  striated  or  laminated,  non-punctated,  and  fur- 
nished with  a  spiral  apophysary  system  laterally  developed,  as  in 
Spirifer.  Mr.  J.  Sowerby,  in  adopting  the  genus  Atrypa,  has  di- 
vided it  into  three  sections,  under  one  of  which  he  has  included  the 
small  group  of  shells  above-mentioned;  and  however  different  ia 
character  from  the  species  previously  classed  by  Dalman  under  the 
same  name,  there  can  scarcely  be  any  doubt  that  they  differ  con- 
siderably from  the  true  Terebratulae,  and  form  a  passage  into  the 
group  of  the  smooth  Spirifers,  the  "  Spiriferce  glabratce^  of  Professor 
Phillips.  Mr.  M*Coy  has  constituted  the  generic  term  Athyris  for 
their  reception,  and  placed  them  with  the  Spirifers  under  the  Del- 
thyridae. 

In  the  other  Terebratuliform  genera,  Pentamerus,  Strigocephaltu 
and  Magas^  the  opening  for  the  passage  of  the  muscle  of  attach- 
ment is  always  within  the  deltidial  area;  in  Pentamerus  it  is  how- 
ever partly  concealed  by  the  curvature  of  the  dorsal  valve ;  in  Stri- 
gocephalus  the  deltidium  is  more  fully  developed,  and  in  one  species, 
S.dorsatus,  entirely  surrounds  the  circular  or  oval  foramen;  the  struc- 
ture of  the  shell  is  fibrous,  and  the  inner  layer  is  somewhat  punctated, 
whereas  in  Pentamerus  it  is  more  laminated :  in  both  these  genera 
the  apophysary  system  is  singular  and  distinct.  Magas  apparently 
presents  an  anomaly  in  its  general  characters ;  for  with  a  deltidial 
opening  beneath  an  acute  beak,  it  possesses  a  punctato-tuberculated 
structure  (the  opposite  characters  in  the  two  groups  of  Terebratulae 
being  here  combined),  and  a  rather  complex  apophysary  system. 
This  genus  is  probably  more  nearly  allied  to  some  species  of  Orthidae, 
as  O.  eiegantuloy  which  has  also  a  similar  punctated  structure,  with 
a  deltidial  opening,  but  a  simpler  apophysary  arrangement 

*  Many  of  the  published  figures  of  these  species  represent  them  as  having  a 
circular  foramen,  but  I  feel  convinced  that  this  appearance  is  deceptive,  and  that 
the  beak  is  entire  and  not  perforated. 
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2.  Description  of  the  Due  infield  Sigillaria* 
By  E.  W.  BiNNEY,  K«q. 

The  fossil  described  in  this  communication  was  discovered  in  the 
colliery  of  Messrs.  Swire,  Lees  and  Co.,  at  Dukinfield,  about  seven 
miles  east  of  Manchester.  It  was  found  in  the  Victoria  pit  at  a 
depth  of  1100  feet  from  the  surface,  and  in  the  floor  of  the  Cannel 
or  Two-feel  mine*.  The  following  b  a  section  of  the  beds  in  the 
vicinity  of  the  tree : — 

ft.  in. 

Black  mine  (Coal)    4  6 

Grey  metals,  layers  of  rock  and  black  shale  135  0 

Ironstone  mine  (Coal) 1  5 

Shale,  with  bands  of  ironstone 9  0 

Stone  mine  (Coal) 2  6 

Black  shale,  &c 12  0 

Catmel  or  Two-feet  mine  {ilo hi.)  2  6 

Tender  metals  (containing  the  tree) 66  0 

Peacock  mine  (Coal) 2  '4 

The  dip  of  the  strata  is  nearly  due  west,  at  an  angle  of  29^. 

The  Cannel  or  Two-feet  mine  consists  of  sixteen  inches  of  good 
cannel  and  ten  inches  of  ordinary  coal.  The  floor  is  a  dark-c<^oured 
flre*^lay,  called  by  the  miners  '*  tender  metal,"  containing  numerous 
nodules  of  ironstone.  Its  depth  I  traced  to  between  three  and  four 
feet,  and  it  may  extend  much  deeper.  The  geological  positioD  of 
the  Cannel-coal  is  in  the  lower  part  of  the  middle  division  of  the 
Lancashire  coal-field,  about  120  yards  above  the  last  thick  seam  in 
the  series,  a  position  nearly  the  same  as  that  of  the  deposits  in  which 
the  St.  Helens'  trees  were  discovered  f)  but  the  distance  between  the 
two  localities  in  a  direct  line  is  about  twenty-eight  miles. 

The  fossil  in  question  was  first  examined  and  noticed  by  Mr*  M. 
Dunn,  and  the  tree  had  been  removed  and  brought  to  Manchester 
before  I  went  down  into  the  mine  to  view  the  place  where  it  was 
found. 

I  examined  the  bed  of  fire-clay  and  the  spot  where  the  fossil  had 
Uin,  and  found  traces  of  the  east  root  (that  whioh  appeared  on  the 
rise  of  the  strata),  in  the  shape  of  four  Stiffmariae.  From  the  nature 
of  the  excavation,  the  stem  and  roots  of  the  tree  could  not  have 
penetrated  tlie  floor  to  a  greater  depth  than  about  three  feet.  The 
fatter  at  their  commencement  ran  nearly  level,  but  after  a  distance 
of  four  feet,  when  they  began  to  exhibit  all  the  usual  characters  of 
Stigmaria,  they  appeared  to  have  gone  in  a  slightly  upward  direc- 
tion.    None  of  the  roots  were  traced  to  their  termination. 

The  floor,  as  before  stated,  is  a  dark  fire-clay.  Owing  to  its 
colour,  scarcely  any  traces  of  plants  can  be  distinctly  seen  in  it ;  but 
on  a  careful  examination  I  found  it  to  be  entirely  traversed  by  the 
long  stringy  fibrils  so  characteristic  of  Stigmaria,  and  which  have, 

*  The  fossil  has  since  been  presented  to  the  Manchester  Geological  Society. 
t  Phil.  Mag.,  March  1814  and  October  1845. 


1846.]  BINNEY  ON  THE  DUKINFIELD  SIGILLARIA.  991 

in  all  probability,  discoloured  the  deposit  with  the  carbon  liberated 
by  their  decomposition. 

The  fossil)  as  it  now  lies  in  the  museum  of  the  Manchester  Geo- 
logical Society,  consists  of  a  detached  stem  and  three  main  roots. 
The  stem  is  unquestionably  that  of  a  Sigillaria,  exhibiting  all  the 
ribs,  furrows  and  scars  of  that  genus.  It  is  about  fifteen  inches 
high,  four  feet  ten  inches  in  circumference  at  its  base,  and  four  feet 
one  inch  at  the  top.  The  diameter  at  the  top  measures  one  foot 
live  inches  by  one  foot  three  inches.  Down  the  side  is  a  longitu- 
dinal depression,  like  those  so  generally  found  on  the  stems  of  Si- 
gillaria. The  inside  presents  no  trace  of  structure,  being  filled  with 
dark  fire-clay.  On  the  outside  is  a  coating  of  bright  coal  one-third 
of  an  inch  in  thickness,  very  much  resembling  that  found  on  the  S. 
pachydertna.  Prominent  ribs  project,  and  rather  irregular  furrows 
of  about  an  inch  in  breadth  intervene.  Oo  removing  the  coal,  the 
decorticated  part  of  the  stem  presents  the  usual  fine  longitudinal 
striae,  together  with  ribs  of  about  an  inch  in  breadth,  parted  by  fur- 
rows. On  the  surface  of  the  inner  ribs  are  markings,  some  of  which 
resembled  the  double  impressions  characteristic  of  Sigillaria  rent" 
forrnis^f  and  others  a  single  impression  resembling  that  of  S.  crga' 
num.  Some  of  the  upper  portions  of  the  stem,  which  exhibited  these 
characters  in  a  more  marked  degree  than  appear  in  the  drawing) 
were  destroyed  in  removing  the  specimen.  Owing  to  the  circum- 
stance of  the  fire-clay  filling  up  and  adhering  to  the  furrows  upoo 
the  outside  of  the  fossil,  it  is  difficult  to  detach  the  former  and  exa- 
mine the  external  markings  without  removing  the  whole  of  the  coaly 
envelope.  In  every  respect  this  stem  resembles  the  two  St*  Helens' 
trees  before  alluded  to,  and  abo  bears  great  resemblance  to  the 
Dixon  Fold  trees t  described  by  the  late  Mr.  Bowman  :t^. 

Although  the  stem  is  now  separated  from  the  roots»  there  is  no 
question  but  that  it  was  connected  with  them.  Independently  of  the 
evidence  of  Mr.  Dunn  and  the  men  who  removed  the  fossil,  it  bears 
sufficient  proofs  of  its  having  been  attached. 

In  the  present  paper  it  is  only  intended  to  describe  one  main 
root,  namely  that  marked  A  in  the  drawing.  At  its  commencement 
it  is  covered  with  a  smoothish  coating  of  thin  coal,  which  on  being 
removed  shows  a  wrinkled  surface  (covered  with  iron  pyrites),  like 
that  seen  upon  the  roots  of  recent  aged  trees.  The  breadth  across  this 
main  root,  as  it  now  lies  on  the  fioor,  is  three  feet  one  inch.  After 
running  nearly  level  for  sixteen  inches,  it  divides  into  two  secondary 

*  A  specimen  of  Sigillaria  in  the  Manchester  Mnseum  exhibits  all  the  diflbi«Qt 
characters  of  S.  eatmulataf  &  ren^/brtnii,  S,  organum  and  S,aUerHmUt  on  one  stem. 
Many  of  the  present  specific  characters  are  probably  to  be  attributed  to  the  varioiis 
stages  of  the  growth  of  the  plant  and  the  circumstances  under  which  it  has  beea 
preserved. 

t  The  author  of  this  paper  accompanied  Mr.  Bowman,  and  showed  that  gentle- 
man the  Dixon  Fold  trees.  As  only  parts  of  the  main  roots  of  these  fossils  vnrt 
exposed,  there  was  no  chance  of  seeing  whether  or  not  they  possessed  Stigmaria 
roots. 

t  fide  Transactions  of  the  Manchester  Geological  Society,  vol.L  p.  112. 
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roots,  B  and  C,  haTing  similar  external  characters  to  the  main  ones. 
Elach  of  the  latter  measures  fifleen  inches  across.  Each  of  these 
again,  afler  running  sixteen  inches,  dichotomizes  into  four  roots,  D, 
£,  and  FG»  which  respectively  measure  ten  and  a  half  inches  across 


at  their  commencement.  The  outsides  of  these  latter  roots  present 
a  rougher  appearance  than  the  secondary  ones  for  about  two  feet, 
after  which  they  gradually  assume  all  the  true  characters  of  Stig- 
maria,  with  depressed  areolae,  &C.,  never  again  exhibiting  traces  of 
dichotoniization.  The  roots  marked  D  and  £  run  upwards  more 
than  those  marked  F  and  G,  the  latter  extending  more  in  a  hori- 
zontal direction.  Some  of  the  Stigmaria  roots  are  slightly  com- 
pressed, while  others  are  nearly  cylindrical  in  different  parts ;  but 
for  fifteen  feet,  the  distance  they  have  been  traced,  they  average 
about  five  inches  across,  without  any  signs  of  terminating.  Their 
outsides  are  composed  of  ironstone,  but  internally  they  consist  of  a 
very  fine-grained  silty  sandstone,  and  show  distinct  evidence  of  an 
internal  pith  or  cylinder.  The  latter  however  does  not  show  struc- 
ture. It  is  a  singular  fact  that  the  stem  of  the  plant  should  be  filled 
with  dark-coloured  fire>clay  and  the  roots  (especially  the  Stigmaria 
portion  of  them)  with  a  different  material  *. 

The  St.  Helens'  trees  appeared  to  me  to  exhibit  in  situ  all  the  facts 
necessary  to  prove  Stigmaria  to  be  the  root  of  Sigillaria,  and  thus 
firmly  6x  tlie  origin  of  all  seams  of  coal  having  such  roots  in  their 
floors  without  having  to  resort  to  the  drift  hypothesis.  It  is  satis- 
factory to  have  my  views  confirmed  by  a  specimen  which  everybody 
who  will  go  into  the  museum  where  the  fossil  is  deposited  can  see 
and  judge  for  himself.  The  extraonlinary  regularity  which  prevails 
in  the  roots  of  Sigillaria  was  noticed  in  the  paper  published  by  myself 
and  my  friend  Mr.  Harkness  in  the  '  Philosophical  Magazine'  of  Oc- 
tober last.  The  Dukinfield  tree  confirms  our  opinious  on  this  point 
At  St.  Helens  the  trees  had  eight  feet  of  silty  clay  to  run  into, 
and  the  roots  there  struck  down  at  angles  varying  from  50°  to  60° 
before  they  took  a  horizontal  direction,  and  exhibited  all  the  cha- 
racters of  Stigmaria.    In  the  present  instance,  the  roots  having  to 

*  The  late  Mr.  Bowmtn,  in  his  description  of  the  fossil  trees  at  Dixon  Fold 
(Trans,  of  the  Manchester  Soc.,  vol.  L  p.  129),  attempts  to  explain  the  removal  of 
the  inner  portion  of  the  tree  by  decomposition  after  entombment,  and  its  subse- 
quent filling  with  sand  and  clay  from  above.  So  the  dark-coloured  fire-da]r  o»J 
pttssibly  have  come  from  the  floor  of  the  Stone  Tuine  after  the  roots  bad  bcea  pn- 
viou^ly  iiUo<l  with  silty  sand  from  some  prior  deposit. 
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run  in  a  stiff  clay,  went  in  a  horizontal  direction  without  striking  so 
deeply  into  the  mud  *• 

As  before  stated,  no  distinct  fibrils  can  be  traced  for  any  distance 
in  the  matrix  of  fire-clay  at  Dukinfield  owing  to  the  dark  colour  of 
the  deposit,  but  at  St.  Helens  the  whole  of  the  strata  teemed  with 
them,  and  they  could  be  traced  five  or  six  feet  from  the  roots,  ra- 
diating in  all  directions ;  some  were  found  within  fifteoa  inches  of 
the  commencement  of  the  stem  and  before  the  depreMtd  areolae 
could  be  distinguished,  but  at  four  feet  distance  the  roois  became 
true  Stigmaria  and  then  no  further  dichotonyiation  took  place. 

It  seems  evident  that  SigiUaria  was  a  plant  of  an  aquatic  nature 
from  the  position  of  the  St.  Helens'  trees,  which  were  found  on  the 
identical  spots  where  they  grew,  imbedded  in  a  fine  silty  clay  six- 
teen yards  above  and  sixteen  yards  below,  or  midway  between  two 
seams  of  coal ;  but  more  observations  on  the  internal  structure  of 
its  wood  are  required  before  we  can  pronounce  with  certainty  as  to 
the  true  nature  of  this  extraordinary  fossil  plant. 


3.  On  a  Gro^ip  of  Erect  Fossil  Trees  in  the  Sydnet  Coal-Field 
of  Cape  Breton.     By  Richard  Brown,  Esq. 

In  a  hasty  sketch  of  the  geological  structure  of  the  island  of  Cape 
Breton,  which  appeared  in  the  second  number  of  the  'Quarterly 
Journal  of  the  Geological  Society  f,*  I  stated  that  excellent  sections 
of  the  Sydney  coal-measures  were  exhibited  in  the  sea-cliffs  ex- 
tending from  Miray  Bay  to  Cape  Dauphin.  I  have  recently  exa- 
mined one  of  the  most  interesting  sections  within  those  limits,  viz, 
that  afforded  by  the  cliffs  on  the  N.W.  shore  of  Sydney  Harbour, 
which  runs  directly  at  right  angles  to  the  strike  of  the  strata,  ex- 
posing almost  every  individual  bed  from  the  old  red  sandstone, 
through  the  overlying  carboniferous  limestone,  millstone  grit  and 
coal-measures. 

The  total  thickness  of  the  coal-measures,  calculated  from  the 
highest  bed  of  the  millstone  grit  to  their  abrupt  termination  on  th« 
sea-coast,  is  1843  feet,  their  dip  being  N.E.  at  an  angle  of  8^ 

In  this  section  erect  fossil  trees  are  found  at  various  levels,  but 
they  are  more  particularly  abundant  in  a  stratum  of  arenaceous 
shale  lying  almost  immediately  under  the  main  coal,  where  within 
a  space  of  eighty  feet,  measured  along  the  base  of  the  cliff,  eight 
erect  trunks  are  seen  with  roots  and  rootlets  attached  to  them. 

Fig.  1  is  a  section  of  the  strata  under  the  main  coal,  showing  the 

*  The  roois  D  and  E  most  indeed  have  gone  upwards  at  such  an  angfle  as  to 
have  been  soon  lost  in  the  bed  of  coal, 
t   Vide  vol.  i.  p.  207. 
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relative  poBitions  of  the  trees  at  right  angles  to  tlie  planes  of  stmtl- 
fieation»  as  tbey  appear  in  the  face  of  the  cliff,  the  upper  part  of 

Fig.  1. 


which  overhangs  and  prevents  us  from  observing  liow  far  the  stems 
continue  upwards.  In  the  descending  order  we  have  the  following 
series  of  beds : — 

ft.  in. 

0.  Strong  white  sandstone   4  0 

n.  Slaty  bhie  shale    2  0 

m.  The  main  coal-seam 6  0 

/.  Soft  fire-clay 2  0 

it.  Indnrated  clay 6  0 

•.Slaty  shale    1  3 

A.  Slaty  aritty  shale 5  0 

^.  Soft  bine  clay   0  0^ 

/.  Dark  tUty  gritty  shale 4  0 

e.  Soft  day  ftiid  coal  mixed 0  3 

d.  Fire-clay    3  2 

c.  Carbonaceous  matter    0  0} 

i.  Indorated  clay 2  4 

a.  Strong  landatone 6  0 

Total  height  of  the  cliff 44    1 

The  sandstone,  o,  is  quite  destitute  of  fossils,  but  the  overiying 
beds  of  clay,  b  and  d,  abound  in  Stigmarise,  with  their  rootlets  ra- 
diating and  crossing  each  other  in  every  direction  ;  they  also  contain 
tome  small  scattered  nodules  of  clay  ironstone.  Each  of  these  beds 
has  apparently  been  the  surface-soil  upon  which  forests  of  trees 
flourished,  whose  only  remains  are  the  numerous  roots  of  Stigmariae 
and  the  thin  layers  of  coal,  c  and  e,  derived  probably  from  the  stems 
and  branches. 

The  superincumbent  beds,/ and  k  (separated  by  the  thin  layer  of 
blue  clay,  g),  in  addition  to  the  upright  stems  with  their  roots  and 
rooilets  attached,  growing  at  different  levels,  contain  also  vast  quan- 
tities of  flattened  stems  of  Sigillarise,  Calamites  and  Lepidodendra^ 
lying  both  in  oblique  and  horizontal  positions,  and  a  great  variety 
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of  Ferntf,  &c.  Immedialely  under  the  roots  of  one  of  the  trees,  I 
found  Neuropteris  cordata  with  basal  leaflets,  two  species  of  Sf^ 
nophylluniy  two  of  Pecopterisy  Sphenopteris  crenaUt,  AsteraphyliUeSf 
and  Pinnularia  capiilacea. 

All  the  upright  stems  apparently  belong  to  the  same  species,  and 
are  evidently  young  individuals,  ranging  from  two  to  sixteen  inches 
in  diameter  only.  In  some  other  parts  of  the  coal-field,  fossil  stems 
three  to  four  feet  in  diameter  are  not  uncommon. 

It  must  be  observed,  that  with  the  ezoeptlon  of  the  diin  layer  of 
clay,  ^9  there  are  no  i^^pearances  of  distinct  surface-lines  in  the  beds 
/aM  Ik,  aHhottgh  the  eight  trees  have  clearly  grown  upon  at  least 
five  different  levels;  from  which  it  may  be  inferred  that  the  strata 
were  gradually  subsiding  during  the  period  of  their  growth,  the 
amount  of  which  subsidence,  as  well  as  its  comparative  rate,  may 
be  estimated  by  the  difference  of  level  between  the  base  of  each 
stem,  and  the  diameter  it  attained,  before  the  surface  on  which  it 
grew  became  submerged. 

The  bed  i  is  a  soft  slaty  shale  overlaid  by  the  underclay  k  and  / 
of  the  main  coal-seam;  StigmarisB  are  numerous  in  this  bed,  but 
they  are  by  no  means  so  plentiful  as  in  the  lower  beds  b  and  d. 
The  bed  of  shale  «,  which  forms  the  roof  of  the  main  coal,  varies 
in  thickness,  and  is  sometimes  altogether  wanting;  it  abounds  in 
coal-plants  of  almost  every  description. 

Fig.  2.  Fig.  3. 


Fig.  2  iBSL  sketch  of  one  of  the  trees  as  it  appeared  when  first 
discovered  in  tlie  face  of  the  cliff,  with  roots  of  Stigmariee  united 
to  it. 

Fig.  3  is  a  horizontal  section,  showing  the  direction  of  the  roots* 
with  their  ramifications,  so  far  as  they  could  be  conveniently  fol^ 
lowed.  This  section  was  obtained  by  cutting  into  the  cKff  until  the 
rock  became  so  hard  that  no  further  progress  could  be  made  without 
great  labour. 

The  stem,  although  standing  exactly  at  right  angles  to  the  dip,  is 
slightly  flattened,  the  diameter  in  one  direction  being  eight  and  in 
the  other  only  six  inches,  as  shown  in  fig.  3.     The  bark,  converted 
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into  bright  coal,  is  very  thin  ;  it  is  marked  with  longitudinal  furrows 
and  ridges ;  the  latter  are  about  half  an  inch  in  width :  the  furrows 
are  deep,  but  not  always  parallel  and  continuous,  frequently  waving 
and  running  into  each  other;  they  are  also  occasionally  wrinkled, 
the  effect  pn>bably  of  the  squeezing  which  flattened  the  stem.  As 
the  furrows  approach  the  base  of  the  tree  they  become  less  distinct* 
but  nevertheless  do  not  wholly  disappear ;  they  may  even  be  traced 
some  six  or  eight  inches  down  the  upper  surface  of  the  roota.  I 
could  not  observe  any  appearance  of  leaf-scars. 

The  stem  and  roots  are  filled  with  a  fine-grained  greyish  white 
sandstone.  In  the  latter  I  observed  some  slight  remains  of  a^oeBtml 
pith,  but  there  are  no  traces  whatever  of  organic  structure. in  Che 
sandstone  of  the  stem. 

The  roots,  which  are  true  Stigmarise,  with  rootlets  or  (as  tiiey 
generally  have  been  called)  leaves  spreading  out  in  every  directioiiy 
are  about  three  inches  in  diameter  at  their  junction  with  the  stemt 
at  their  extremities,  or  as  far  as  they  could  be  traced,  they  are  flat* 
tened  to  a  depth  of  about  one  inch :  two  of  the  roots,  it  will  be  ob- 
served by  fig.  S,  have  been  followed  to  their  terminations^  where 
they  gradually  thinned  out  to  a  mere  line  in  one  direction,  being 
about  three-fourths  of  an  inch  in  width.  They  are  thickly  studded 
with  tubercles,  presenting  an  imperfect  spiral  arrangement^  and  co- 
vered with  a  thin  bark  or  coating  of  carbonaceous  matter. 

The  rootlets,  varying  in  length  from  three  to  twelve  inches,  as 
shown  in  fig.  2,  are  compressed  or  flattened,  being  much  broader 
near  their  junction  with  the  roots  than  at  any  other  point:  they 
must  have  been  composed  of  some  soft  substance,  as  they  are  in  aU 
cases  flattened,  whether  lying  in  horizontal  or  vertical  positional 

All  the  other  stems  represented  in  the  section  resemble  so  nearly 
the  one  I  have  attempted  to  describe,  that  it  is  not  necessary  to  refer 
to  them  further,  enough  having  been  said,  I  hope,  to  prove  that 
Stigmariffi  and  their  leaves  are  in  reality  the  roots  and  rootlets  of  a 
class  of  trees  allied  probably  to  Sigillariac.  If  this  be  admitted,  wai* 
roust  conclude  that  all  beds  in  the  coal-measures  containing  Stig^  '■ 
mariee,  with  their  delicate  rootlets  united  to  them,  have  at  successive 
periods  been  surface-soils,  supporting  forests  of  trees ;  that  in  •the* 
section  before  us,  which  represents  only  a  perpendicular  thidmite 
of  forty-four  feet,  there  have  been  at  least  seven  such  surfaces,  eat* 
responding  with  an  equal  number  of  subsidences ;  and  that  the  in- 
tervals of  rest  between  each  successive  subsidence  were  oompwa- 
tively  small,  until  the  bed  became  the  surface-soil,  which  continued 
in  a  state  of  repose  of  sufficient  duration  to  produce  the  iannense 
mass  of  vegetable  matter  required  for  the  formation  of  the 
coal. 


"ft    'Hi  t. 
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May  6,  1846. 

Dr.  Joseph  Hooker,  Sir  Thomas  Phillips,  Arthur  Grote,  Esq., 
James  Foster,  Esq.,  Francis  Forster,  Esq.,  and  the  Rev.  T.  W.  Jen- 
kyn,  D.D.,  were  elected  Fellows  of  this  Society. 

The  following  communications  were  read  : — 

1.  On  the  Wralhek  Strata  exposed  by  the  Tunbridge  Wells 
Railway.  By  J.  Prestwich,  Jun.,  Esq.,  F.G.S.,  and  J,  Mor- 
ris, Esq.,  F.G.S. 

In  Dr.  Fitton*s  valuable  memoir  *'  On  the  Strata  below  the  Chalk," 
it  is  incidentally  observed,  that  "  the  relations  of  the  strata  at  Tun- 
bridge Wells,  and  in  the  tract  on  the  north  of  it  towards  the  valley 
of  the  Weald,  are  well-deserving  of  attentive  examination.**  (Geol. 
Trans.,  2nd  Ser.,  vol.  i v.  p.  171,  note.)  At  that  period  no  extensive 
sections  were  visible  by  which  the  superposition  of  the  beds  in  this 
district  could  be  accurately  traced ;  but  the  deep  cuttings  for  the 
Tunbridge  Wells  branch  railway,  traversing  some  of  the  longitudi- 
nal ridges  of  the  Wealden  sandstones,  have  fortunately  afforded 
some  information  on  the  subject,  a  brief  account  of  which  is  now 
laid  before  the  Society,  as  exhibiting  some  interesting  sections  of 
the  Upper  Wealden  series,  as  well  as  a  remarkable  flexure  and  fault 
by  which  these  beds  have  been  affected.  Our  object  in  the  present 
communication  is  simply  to  record  the  details  of  structure  and  super- 
position of  the  strata  cut  through ;  and  if  their  correct  superposition 
with  reference  to  any  given  line  can.  be  established,  they  may  then 
be  connected  with  other  deposits  whose  position  with  regard  to  the 
same  base  may  have  been  already  determined. 

The  Dover  railway  traverses  the  Upper  Wealden  district  iVom  a 
short  distance  beyond  the  Redhill  station  neariy  to  Ashford,  the 
branch  line  proceeding  southward  to  Tunbridge  Wells,  deviating 
from  it  neariy  at  a  right  angle  about  a  quarter  of  a  mile  beyond 
the  Tunbridge  station. 

It  is  well-known  that  the  strata  of  the  Wealden  consist  in  their 
lower  part  of  thick-bedded  light-coloured  sandstones  with  subordi- 
nate beds  of  shales  and  clays,  whilst  in  the  upper  part  dark-coloured 
dhales  and  clays  predominate,  the  peculiar  freshwater  remains  of 
this  series  occurring  principally  in  the  argillaceous  beds. 

The  accompanying  diagrams  and  sections  give  a  partial  detail  of 
the  superposition  of  the  upper  part  of  the  lower  series,  and  of  the 
lower  part  of  the  upper  series,  but  they  do  not  show  the  complete 
sequence  to  the  base  of  the  lower  greensand ;  and  indeed  a  good 
and  detailed  section  of  the  thick  beds  of  clay  presumed  to  form  the 
uppermost  stratum  in  this  district  is  yet  wanting. 

These  uppermost  beds  occupy  the  valley  between  the  greensand 
escarpment  five  miles  north  of  Tunbridge  and  the  base  of  the  hiU 
immcKiiately  south  of  thb  town,  at  which  point  our  section  com- 
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mcnees.  We  hero  find  the  beds  rising  with  the  hill,  and  consisting, 
1st,  of  thirty  feet  of  brownish  laminated  clays  (A)  underlaid  by 
twenty  feet  of  dark-coloured  laminated  clays  and  shales  (B).  The 
cutting  is  continued  in  these  beds  to  the  entrance  of  the  tunnel  on 
the  north,  and  through  the  tunnel  for  about  SOO  yards ;  on  the 
south  side  of  the  tunnel  we  see  the  lower  portion  of  the  same  clays 
occupying  the  upper  part  of  the  cutting  and  gradually  cropping  out, 
giving  way  to  the  important  sandstone  beds  which  rise  from  below 
them.  The  dip  of  these  argillaceous  beds  being  about  2^  or  3^ 
north,  their  probable  thickness  is  about  1 70  feet. 

The  mass  of  the  clay  is  of  a  dark  bluisli  grey  colour,  occasionally 
greenish,  finely  laminated  and  shaly,  and  it  contains  several  very 
thin  bands  of  dar)^  impure  argillaceous  limestone,  some  tabular  and 
others  ferruginous  and  concretionary,  and  we  also  find  in  them  thin 
tablets  of  clayey  sandstone.  The  organic  remains  of  these  beds  are 
exceedingly  abujidant;  the  thin  limestones  are  full  of  Cyrena  media, 
Paludina  elongaia  and  Cypris  Valdensis,  The  same  species  are 
also  common  in  the  clays,  but  the  abundance  of  the  Cypris  in  them 
is  a  remarkable  feature,  generally  producing  a  lamination  of  extreme 
thinness  entirely  covering  every  freshly  separated  surface.  The 
shelly  coverings  of  the  Testacca  and  Cyprides  are  better  preserved  in 
the  days  than  in  the  limestones,  but  they  are  frequently  crushed  and 
always  very  friable.  Singular  vermiform  impressions  are  also  found 
on  some  of  the  more  indurated  clays,  and  may  be  especially  observed 
covering  the  surfaces  of  the  impure  sandstone  tablets. 

Underiying  these  clays  are  three  beds  of  light-coloured  sandstone 
(C)  separated  by  dark  brown  clays,  forming  a  thickness  of  twenty 
feet,  and  containing  the  Unio  Gaulteri  and  Cyrena  sudquadrrUa 
and  imperfect  impressions  of  plants. 

The  next  division  (D),  although  conformable  in  general  stratifi- 
cation, presents  a  slightly  uneven  and  water-worn  line  of  separation 
with  stratum  C  (see  general  section,  fig.  1,  at  point  a),  a  fact  cor- 
roborative of  some  change  of  condition,  as  further  evinced  by  the 
almost  entirely  arenaceous  structure  of  this  lower  division  in  con- 
trast with  the  generally  argillaceous  characters  of  the  upper  ones  (C 
and  B).  This  structure  is  rendered  very  visible  by  the  dark  browo 
colour  of  the  lower  part  of  the  upper  division,  and  the  nearly  pure 
white  of  the  clayey  sand  forming  the  upper  bed  of  the  lower  divi- 
sion. This  sand  is  underlaid  by  two  feet  of  black  lignite  clay ;  be- 
low this  clay  is  a  series  of  sixty  to  seventy  feet  of  thick-bedded 
light-coloured  sandstones  (D),  sometimes  massive,  at  other  times  fis- 
sile, and  occasionally  exhibiting  false  stratification.  Many  of  the 
upper  beds  of  this  division,  although  apparently  firm  and  compact 
when  first  exposed,  decompose  readily  by  exposure  to  the  atmo- 
sphere in  consequence  of  the  base  of  the  sand-rock  consisting  of 
fine  white  clay.  About  fifty  feet  from  the  top  of  this  division  is  a 
stnmgly-marked  band  of  lignite  clay  from  eight  to  twelve  inches 
thick,  which  rises  from  the  base  of  the  cutting  ten  or  twelve  yards 
on  the  north  side  of  the  forty-second  mile-post ;  the  beds  of  sand- 
rock  about  ten  feet  above  and  below  this  lignite  band  are  slightly 
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ferruginous,  piliceous  and  compact ;  below  these  compact  bedft  are 
eight  feet  of  dark  soft  shaly  sandstones  overlying  twelve  feet  of  saiMl* 
rock  (E),  this  bed  being  the  lowest  visible  in  the  section,  and  form- 
ing the  base  of  the  curve,  which  with  the  adjoining  flexure  and  con- 
nected fault  produces  the  remarkable  and  picturesque  feature  of 
this  portion  of  the  section.    (See  general  section.)  • 

The  fossils  of  this  division  are  exceedingly  few,  and  Confined 
chiefly  to  the  upper  beds,  the  remains  of  plants  being  more  abun- 
dant than  those  of  Testacea :  of  the  former  few  can  be  recognhted, 
with  the  exception  of  the  Equisehim  Lyelliiy  which  is  irregularly 
dispersed,  and  fragments  and  lumps  of  coaly  lignite ;  associate  with 
these  are  some  ca««ts  apparently  belonging  to  one  or  two  species  of 
Unio. 

Fig.  S.  Enlarged  view  of  the  Fault  at  E,  Qcabbt  Hill  Skction  (fig.  1). 


The  fault*  just  alluded  to(flg.  9)  exhibits  the  dislocated  edges  of 
thcsie  light-coloured  sand-rocks  in  contact  with  a  dark  day,  which 
mav  be  identifled  by  its  organic  remains  and  lithological  stntctsre 
with  that  of  the  upper  division  (B)  above  the  sand-rocks*  The  same 
clays  continue  to  the  end  of  the  cutting.  (See  general  section*) 

Crossing  the  valley  we  arrive,  at  a  (listance  of  about  a  quarter  of 

Fig.  3.  Skction  North^of  the  Powdkb  Mills.  | 

B  ' —     - 

.4? 


6.  Dark  grar  claya  full  of  Cprfuu  mediae  paanng  dovnwarda  into  a  lightiah  green  day, 
and  then  into  greeniah  grey  »haly  clays  full  of  the  Cy/nis  Vald^ruis,  and  with  nu- 
roeroua  bands  of  concretionary  and  nodular  calcareo- argillaceous  ironstonea  ftill  <rf 
the  Unio  OaulUri,  Cprena  mediae  Faludina  etongata,  and  Cyjni* ;  also  thin  slabs 
of  sandstone  covered  with  vermiform  impressions. 

ft.  Whitbh  soft  massiTe  sandstone;  at  the  top  of  it,  Cyrena  and  vegeUble  hnpnaaMoa  na 


4.  Soft  white  decomposing  argillaceotts  sandrtxme. 

a.  Whitish  massive  sandstone,  with  probable  traces  of  Unio. 

Si.  Traces  of  grit. 

1.  Dirty    *'     ' 


iTaces  ox  gnu  .  -     .  , 

Dirty  white  fissile  sandstone  ;  lower  part  more  massive :  strattflcatioa  voy  vngumt 
and  sUghUy  unconfonnable  to  the  overlying  bed. 

♦  The  difference  of  level  produced  by  this  fault  may  probably  be  about  200  feet 
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a  mile,  at  a  short  section  of  twenty  feet  deep,  consisting  of  sofl  fri- 
able sandstone  imperfectly  exhibited,  and  at  a  similar  distance  be- 
yond it  commences  another  good  and  long  section  through  the  hill 
north  of  the  Powder  Mills  valley  (fig.  S\ 

At  the  north  end  of  this  section  the  dip  is  reversed  in  the  oppo- 
site direction  from  that  which  prevails  at  the  Quarry  Hill  section, 
being  about  two  degrees  to  the  south.  The  lowest  beds  here  ob- 
servable (D)  present  some  peculiar  features;  they  form  about  fifteen 
feet  of  soft  argillaceous  sandstones,  of  a  dirty  white  colour*,  whose 
stratification  is  rather  irregular  and  confused,  and  the  beds  appear 
not  to  be  perfectly  conformable  to  those  of  the  overlying  stratum  C 
(fig.  3). 

This  latter  consists  of  twelve  feet  of  massive  sandstone,  with  sub- 
ordinate soft  white  argillaceous  bands,  and  with  a  very  slight  under^ 
lie  of  pebbly  grit,  possibly  representing  C  at  the  Quarry  Hill  sec- 
tion, since  the  same  fossils,  although  rare  and  consisliog  only  of  a 
few  impressions  of  Cyrena  and  Unio^  are  occasionally  repeated  in 
each  t*  Superimposed  upon  these  are  thirty  feet  of  dark  shideii  and 
clays,  which  we  could  not  distinguish  either  by  organic  remalot  fa 
lithological  character  from  the  Cypriferous  shales  (B)  of  the  Ant 
section.  They  are  laminated  and  shaly,  of  a  dark  blukh  gnf  Odh 
lour,  with  occasional  green  tints.  They  contain  in  abundaMto  At 
Cypris  Veddensis,  and  present  several  bands  of  impure  rnnriftippil^ 
limestones  full  of  casts  of  Cyrerui  mediay  Pcdudina  eltmgaU^  i^    '■ 

Proceeding  across  the  valley  for  about  half  a  mile,  the  ralhitar^ 
section  cuts  through  the  east  end  of  Southboro*  Hill,  and  exposed 
about  twenty  feet  of  soft,  marly,  red  and  ferruginous  sandstone,  with 
subordinate  beds  of  whitish  sand  and  red  clay  overlying  fifteen  feet 
of  green  and  dark  grey  shales  (£),  the  position  being  nearly  hori- 
zontal. For  reasons  hereafter  given,  we  consider  it  doubtful  whe- 
ther these  beds  are  a  continuation  of  the  shales  described  in  the  last 
section.  The  following  is  the  sequence  at  this  spot,  given  in  de- 
scending order : — 

3.  Yellow  clay  and  imperfect  sandstone. 
Whitish  sand  and  clay. 

2.  Soft  yellow  and  ferruginous  sandstones  only  occasionally  masshre,  witlt 
black  partings,  mix^  and  imbedded  in  reddish  clay,  with  small  ocmi*  • 
cretionary  fragments  of  ironstone.    The  lower  part  of  this  stratum 
at  the  south  end  of  the  cutting  passes  into  red  clay  and  small  iron- 
stones only,  with  an  underlie  of  grey  clay  full  of  irregular  matter. 

1.  Shales  and  days.  South  end— upper  part  green,  then  whitish,  passing 
down  into  dark  grey.  As  this  bed  trends  northward,  all  the  upper 
part  becomes  of  a  dark  grey,  passing  down  into  a  light  greenish 
grey.  Contains  thin  sandstone  slabs  covered  with  vermiform  im- 
pressions, but  no  organic  remains. 

Between  this  point  and  the  Tunbridge  Wells  section  are  three 
small  cuttings,  the  first  of  which  is  similar  in  structure  but  uot  so 

*  From  their  general  lithological  character  and  position,  this  stratum  (D)  may 
correspond  with  the  top  of  stratum  D  at  the  Quarry  Hill  section.  Organic  re- 
mains are  extremely  scarce  at  both  localities,  and  afford  no  evidence. 

t  There  are  a  few  vegetable  remains  wltich  also  appear  to  be  similar,  but  are 
equally  indistinct. 
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well-developed  as  that  at  the  last  cutting ;  the  other  two  imperfectly 
exhibit  a  few  beds  of  sandstone,  whose  position  appears  to  be  nearly 
horizontal. 

The  railway  reaches  Tunbridge  Wells  by  a  tunnel  under  the  hill 
upon  which  a  part  of  the  new  town  is  built ;  the  works  are  at  pre- 
sent (February  1846)  incomplete,  but  the  following  section  is  toleni- 
bly  well-exposed  in  the  cutting  at  the  entrance  lb  the  tunneL 

Tunbridge  Wells  Section. 

ThiekncM  m  fecC 
10.  Thin-bedded  yellow  clayey  sandstone  with  no  organic  remains, 
passing  upwards  apparently  into  the  thick-bedded  soft  sand- 
stones forming  the  summit  of  the  hill 10 

9.  Brown  clay  with  numerous  imperfect  vegetable  impressions...     1  to  3 
8.  Soft  whitish  sandstone.    This  and  the  overlying  clay  thicken 

considerably  as  they  trend  southward 3  to  6 

7.  Bluish  grey  or  greenish  clay :  no  organic  remains lto2 

6.  White  argillaceous  sandstones,  thin-bedded  and  soft 3 

5.  Compact  sandstone 2 

4.  Light  grey  soft  fissile  sandstone 2 

3.  Very  fine  white  soft  sandstone  with  irregular  patches  and 
traces  of  vegetable  impressions  and  fragments  of  lignite. 
Upper  layers  are  thick-bedded  and  disintegrate  into  a  fine 
white  sand ;  in  descending  it  becomes  thinner-bedded  and 

greyer 15 

2.  Dark  grey  clay  and  shale  with  numerous  impressions  of  plants    1 
1.  Whitish  sandstone 5 

Organic  remains  are  extremely  scarce  in  all  the  beds  of  this  sec- 
tion :  we  met  with  no  remains  of  Testacea  and  but  few  indetermina- 
ble impressions  of  plants  in  some  of  the  layers.  The  bed  of  sandstone 
(S)  presents  a  ferruginous  pisolitic  appearance.  The  dip  of  these 
beds  is  about  two  degrees  N.N.W.  They  are  undbturbed,  with  the 
exception  of  a  slip  trifling  in  amount  but  peculiar  in  character,  as 
seen  in  the  annexed  section. 

Fig.  4.  Revkkskd  Fault,  Tunbbidgb  Wklls  Cutting. 
(Difference  of  IcTcl  =  1  foot.) 


T.T    ^^  Thin-bedded  yellow  nrndsUuie. 


.  Browniah  grey  clay  wilfa  vegetable 

impressioiu. 

-  L    lII  — '       t-ll » ■  Soft  whitirii  undstone. 

i   II   I  -r: 

The  tunnel  passes  through  beds  of  sandstone,  being  a  continuance 
of  those  described  in  the  section' No.  4,  but  at  the  southern  entrance 
are  some  greenish-coloured  shales,  apparently  lower  in  the  series, 
resembling  in  lithological  character  and  in  the  absence  of  organic 
remains  those  at  the  section  at  the  cast  end  of  Southboro*  Hill. 
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As  the  railway  traverses  these  Wealden  strata  for  a  distance  of 
four  miles  at  right  angles  to  their  strike,  and  as  the  dip  of  the  beds 
both  at  Tunbridge  and  Tunbridge  Wells  is  a  few  degrees  northward, 
it  might  lead  to  an  inference  of  a  considerable  vertical  development 
between  these  two  points ;  but  this  however  does  not  appear  to  be 
the  case. 

The  first  portion  of  our  section  at  Tunbridge  shows  probably  the 
lower  part  of  the  Wealden  clay  with  the  upper  beds  of  the  Hastings 
sands  rising  from  below  them,  the  line  of  separation,  if  such  it  may 
be  termed,  being  welUdeiined  both  by  change  of  condition  and  slight 
irregularity  of  connecting  surfaces.  (See  point  a  in  the  Quarry  Hill 
section,  fig.  1.)  The  clays  and  shales  which  again  appear  at  the 
end  of  this  cutting  beyond  the  fault,  we  consider  to  be  a  repetition 
of  the  strata  B.  From  the  dip  of  these  clays  there  can  be  little 
doubt  that  the  sand-rock  at  the  forty-two-and-a-half  mile-post  un- 
derlies them ;  and  it  is  probably  a  continuation  of  this  bed  which 
reappears  in  the  next  section  (D),  having  however  a  reversed  dip  to 
the  south. 

The  position  of  the  dark  clays  in  the  Southboro'  Hill  section  is 
apparently  obscure ;  at  first  sight,  from  their  dip  and  position,  they 
appear  to  be  a  prolongation  of  the  cypriferous  shales  at  the  hill  north 
of  the  Powder  Mills* ;  but  as  they  differ  from  them  in  their  non-fossi- 
liferous  character,  and  as  they  evidently  underlie  the  whole  mass  of 
the  sandstone  forming  the  high  ridge  from  Southbor^'  Hill  to  Tun« 
bridge  Well*,  where  we  see  them  again  cropping  out  from  below  the 
sandstone  at  the  south  end  of  the  tunnel  (see  section,  Tunbridge 
Wells),  we  are  rather  inclined  to  consider  them  as  lower  in  the 
series,  their  present  continuous  level  with  the  clays  (B)  of  the  pre- 
ceding section  (north  of  Powder  Mills)  being  due  to  the  disturbances 
hereafter  alluded  to ;  for  if  they  represented  a  prolongation  of  those 
clays,  the  sandstones  of  Southboro*  Hill  and  Tunbridge  Wells  would 
(the  strata  at  Quarry  Hill  and  at  the  hill  north  of  the  Powder  Mills 
being  equivalents)  be  more  recent  than  those  of  the  Quarry  Hill 
section,  which  have  been  shown  to  underlie  the  cypriferous  clays, 
and  consequently  would  have  to  be  regarded  as  subordinate  mem- 
bers of  the  mass  of  the  Weald  clay  between  Tunbridge  and  the 
greensand  escarpment, — a  district,  the  physical  features  of  which 
seem  to  preclude  the  possibility  of  the  recurrence  of  any  such  im- 
portant sandstone  strata. 

As  therefore  the  shales  (E)  are  not  higher  in  the  series  than  those 
(B)  at  Quarry  Hill,  and  further,  as  they  do  not  appear  to  be  syn- 
chronous with  them,  we  must  assign  to  them  a  lower  position,  in 
which  case  the  sandstones  at  the  section  east  end  of  Southboro* 
Hill  and  at  the  north  entrance  of  the  Tunbridge  Wells  tunnel  might 
be  the  lower  part  of  those  (D)  at  the  Quarry  Hill  section,  and  con- 

*  There  is  however  no  reason  why  the  shales  at  the  first-named  cutting  might 
not  be  an  upper  and  non-fossiliferous  Uyer  of  the  shales  at  the  last  cutting,  but 
in  this  case  we  ought  to  find  the  cypriferous  strata  cropping  out  to  the  south  of 
Tunbridge  Wells.  To  this  we  cannot  speak  from  personal  observation,  and  we 
are  not  aware  that  such  a  fact  has  been  noticed. 
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sequently  the  Mndfltonee  at  Tunbridge  Wells  would  be  the  eqiilmi- 
lents  in  greater  development  of  those  at  Quarry  Hill.  The  organic 
remains,  although  not  numerous,  tend  to  confirm  this  view,  as  U^e 
Umo  GauUeri  and  Unio  antiquus  are  the  characteristic  foflsila  in 
the  upper  beds  at  both  localities. 


The  sections  described  above  traverse  one  of  the  princifMil  lotigi* 
tadinal  lines  of  disturbance  of  the  Weald,  the  effects  of  which  have 
been  clearly  pointed  out  by  Mr.  Hopkins  in  his  interesting  paper* 
<*  On  the  Structure  of  the  Wealden  District*'  He  describes  it  as 
extending  through  Bidborough  and  Brenchley  Hills,  showing  at 
both  these  places  distinct  evidence  of  an  anticlinal  ridge  varying  hi 
importance. 

At  the  point  where  the  railway  intersects  the  plane  of  disturbance, 
the  anticlinal  ridge  has  been  removed  by  denudation,  causing  the 
remaining  strata  to  present  phaenomena  of  rather  complex  character. 
The  dotted  line  in  the  section  shows  the  probable  position  of  the  an- 
ticlinal line,  one  of  the  lateral  effects  of  which  is  exhibited  in  the 
fault  at  the  Quarry  Hill  section.  On  the  south  side  of  the  ridge 
there  is  also  evidence  of  a  probable  lateral  fracture  in  the  vicinity 
of  the  Powder  Mills  valley,  as  evinced  by  the  change  of  level  of  the 
lower  clays  (E)  to  which  we  have  before  referred,  and  by  other  facts 
observable  in  some  of  the  adjacent  quarries  on  the  slope  of  the  hill 
on  the  north  side  of  the  Powder  Mill  valley,  in  one  of  which  is  a 
succession  of  numerous  small  faults  rising  southward.  This  in 
-  general  is  an  indication  of  the  proximity  of  some  larger  fault  or 
faults  in  the  same  direction.  In  the  same  plane  as  these  changes, 
and  with  the  same  parallelism  to  the  Bidborough  anticlinal,  are  the 
disturbances  described  by  Mr.  Hopkins  at  Nashes,  a  point  a  few 
miles  westward  of  the  above  locality. 

We  have  therefore  the  effects  of  a  movement  of  relative  elevation 
venting  itself  in  an  anticlinal  ridge  flanked  by  parallel  fractures  of 
depression,  thus : 

Fig.  5. 


a  system  of  structure  not  perfectly  satisfactory  to  our  mindu;  hot 
after  a  careful  study  and  examination  of  the  question,  we'are  induced 
to  offer  it  as  a  possible  solution  to  the  stratigraphical  difficulties  of 
the  problem,  anid  as  being,  as  well  as  we  could  ascertain,  in  accord- 
ance with  the  observed  phenomena. 


Geol.  Trans,  vol.  viL  p.  12. 
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Note  ajjpended  hy  the  Authors  svbsequejrtly  io  ihe  fwu^ 

paper.  ,        .  i 

We  feel  the  difficulty  there  is  in  supposiog  the  groups  of  strata^ 
marked  B,  C  and  D  in  the  section  of  the  Powder  Mills  Hill  to  bf9 
the  same  as  the  strata  so  marked  in  the  Quarry  Hill  section.  It  in- 
volves several  apparent  anomalies.  Mr.  Hopkins  suggests  that  if 
this  is  the  correct  structure,  there  must  exist  two  transverse  faults, 
parallel  to  and  flanking  the  railway  section,  the  aoe  between  |he 
section  and  Bidborough  Hill,  and  the  other  between  the  section  and 
Brenchley  Hill,  and  that  the  district  between  these  two  faults  pre* 
seuts  a  local  structure  deviating  from  the  normal  stnicture  which 
is  exhibited  in  the  anticlinal  ridge  of  Bidborough  and  Brenchley 
Hilis^  He  thus  accounts  for  the  origin  of  this  transverse  valley, 
and  adduces  it  as  another  fact  in  explanation  of  the  singular  trans- 
verse draiuage  of  the  Wealden. 

Should  it  prove  that  the  shales  (E)  at  the  section  at  the  east  end 
of  Southboro*  Hill  correspond  with  the  upper  part  of  the  shales  (B) 
in  the  Powder  Mills  section ,  then  these  latter  would  form,  with  the 
sandstones  C  and  D,  tbe  lowest  series  in  the  district,  uuderlying  all 
the  strata  at  Quarry  Hill.  Still  however  our  main  argument,  that 
the  sandstones  at  Tunbridge  Wells  were  the  representatives  of  thoae 
at  Quarry  Hill,  thus  placing  them  at  the  top  of  the  Hastings  sands 
division  of  the  Wealden,  would  hold  good,  and  the  hypothetical 
structure  would  be  the  same,  but  simplified ;  for  the  sandstones  would 
range  without  break  in  a  slightly  undulating  and  nearly  horizontal 
position  from  the  Welb  along  Southboro*  Hill  to  Bidborough  HiU, 
to  the  north  of  which  they  would  meet  with  the  Quarry  Hill  fault, 
and  dijpping  rapidly  towards  it  would  disappear  below  tbe  shales 
(B),  both  these  strata  appearing  again  at  a  higher  level  on  the. 
north  side  of  the  fault.  (See  general  section,  Quarry  HilL) 


2.  On  the  Neioer  Deposits  of  the  Southern  States  of  North 
America.     By  Charles  Lyell,  Esq.,  F.G.S. 

In  a  communication  formerly  made,  I  gave  a  short  notice  on  the 
Alabama  coal-fields;  I  now  propose  to  say  something,  but  very 
briefly,  of  the  newer  deposits  of  the  South,  the  post- pliocene  and 
tertiary,  so  far  as  I  have  examined  them  in  my  present  tour. 

First,  in  regard  to  the  post-pliocene  occupying  the  coast  and 
the  lowest  lands  for  some  leagues  inland  in  Georgia,  the  marine 
shells  contained  in  deposits  of  clay  and  sand  differ  in  no  way  Irom 
those  of  the  adjoining  sea.  They  are  found  arranged  in  groups^ 
littoral  and  pelagic,  as  now  on  or  near  the  shore.  Such  is  observed 
to  be  the  case  in  the  island  of  Skiddaway,  which  is  part  of  the  delta 
of  the  Savannah  river,  and  in  the  country  between  the  mouth  of  the 
Alatamaha  and  the  Turtle  river  in  Glynn  county,  Georgia.  These 
marine  sandy  deposits  resemble  exactly  those  which  must  be  now 
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fonniDg  off  the  neighbouring  coast,  and  are  covered  in  some  spots 
by  dark-coloured  clay  containing  the  remains  of  quadrupeds  of 
extinct  species,  the  Megatherium^  Mylodon^  Masiodon  gipanieus, 
Elephas  primigeniusy  the  Horse  and  others,  with  a  large  Chelonian*. 
I  visited  numerous  localities  on  the  Brunswick  canal,  near  DarieD, 
in  company  with  Mr.  Hamilton  Couper,  to  whom  we  owe  the  dis- 
covery and  careful  exhumation  of  these  remains,  nearly  all  of  which 
he  has  munificently  presented  to  several  public  museums  in  the 
United  States,  especially  those  of  Washington  and  Philadelphia. 
Everywhere  I  observetl  that  there  is  no  intennixture  of  the  deposit 
containing  the  land  animals  with  the  subjacent  bed  containing  the 
marine  shells,  and  the  mammalian  remains  appear  to  me  to  have 
been  deposited  in  one  of  the  arms  of  the  ancient  delta  of  the  Alata- 
maha,  when  the  relative  level  of  land  and  sea  was  not  the  same,  and 
yet  differed  but  slightly  from  the  present, 

Mr.  Couper*s  collection  of  the  fossil  shells  underlying  the  bones 
comprises  a  large  proportion  of  all  the  species  which  have  been 
found  on  the  coast  of  South  Carolina,  Georgia  and  Alabama.  I 
have  myself  seen  most  of  these  fossils  in  situ,  near  Savannah  or  in 
the  excavations  made  for  the  Brunswick  canal,  and  they  establish 
the  fact  that  the  ocean  was  inhabited  before  the  time  of  the  extinct 
mammalia  by  precisely  the  same  conchological  fauna  as  now :  nor 
ought  this  conclusion  to  surprise  us,  as  it  is  quite  in  harmony  with 
that  which  I  formerly  deduced  from  the  association  in  all  parts  of 
North  America,  from  Canada  to  South  Carolina,  of  the  bones  of  the 
Mastodon  and  other  lost  quadrupeds  with  freshwater  and  land  shells, 
not  differing  specifically  from  those  of  the  adjoining  rivers,  lakes 
and  forests.  Such  facts  seem  distinctly  to  imply  that  the  temperature 
both  of  the  atmosphere  and  the  ocean  has  not  materially  changed 
since  the  time  of  the  lost  quadrupeds. 

Secondly,  on  the  coast  of  Georgia  I  examined,  with  Mr.  H.  Coo- 
per, the  position  of  those  submerged  trunks  or  stools  of  the  cypress 
(  Cupressus  disticha)  which  Bartram  formerly  alluded  to  in  his  'Tra- 
vels,' as  showing  that  the  level  of  the  land  on  this  coast  had  changed 
relatively  to  the  sea  in  modern  times.  These  trees  can  only  grow 
in  freshwater  swamps,  and  there  they  are  not  permanently  sub- 
merged at  their  base  even  in  fresh  water.  At  the  mouth  of  the 
Alatamaha  they  are  now  found  below  the  level  of  high  tide  in  the 
salt  marshes,  with  a  deposit  of  mud  over  them.  They  also  occur  all 
with  their  upper  surfaces  cut  off  at  the  same  level,  and  covered  with 
several  feet  of  alluvial  matter  in  swamps  higher  up  than  the  line  of 

*  The  Hippopotamut  and  Sus  were  formerly  enumerated  by  Mr.  Cooper  and 
Dr.  Harlan  in  their  list  of  the  fossil  genera  met  with  in  digging  the  Bmnswick 
canaL  But  Prof.  Owen,  in  a  communication  recently  sent  to  the  Academy  of 
Sciences  at  Philadelphia,  has  shown  that  the  tusk  referred  to  the  Hippopotamsi 
belongs  to  the  Mastodon,  so  that  there  is  now  no  evidence  of  a  fossil  lIippopc4a. 
mus  in  America.  The  jaw  to  which  the  name  of  5m*  americana  had  been  applied 
exhibits  a  new  type  of  organization,  making  some  approach  Iwth  to  Lopl^odon 
and  Toxodon,  but  differing  from  either.  For  this  fossil  Mr.  Owen  has  ' 
the  name  of  JUarlanut  americofnut. 
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brackish  water.  They  are  so  placed  as  to  show  a  vertical  depres- 
sion of  the  land  to  the  amount  of  at  least  four  feet  But  a  full  ex- 
planation of  the  curious  appearances  presented  by  them  would  re- 
quire diagrams  and  a  more  detailed  description  than  I  have  now 
time  to  send. 

Thirdly,  on  the  shores  of  the  Bay  of  Mobile  which  opens  into 
the  Gulf  of  Mexico,  I  first  met  with  inland  deposits  of  that  bivalve 
shell  called  Gnathodon  cuneatusy  an  inhabitant  of  brackish  water, 
but  now  met  with  in  banks  of  sand  extending  several  miles  above 
the  influence  of  the  salt  water,  and  rising  three  or  four  feet  above 
the  height  of  the  present  tides.  Mr.  Conrad  first  directed  my  at- 
tention to  this  remarkable  formation,  and  I  was  taken  to  see  it  at 
several  places  by  the  Rev.  Mr.  Hamilton  at  the  mouth  of  the  Ala- 
bama river  and  in  the  suburbs  of  the  city  of  Mobile.  In  neither 
of  these  localities,  where  large  and  small  individuals  of  the  Gnatho- 
don form  dense,  shelly  masses,  could  I  detect  any  intermixture  of 
other  shells ;  yet  on  examining  the  mud  of  the  adjoining  sea-shore 
at  low  water,  about  a  mile  west  of  the  embouchure  of  the  Alabama, 
I  met  not  only  with  the  Gnathodon  abounding  in  a  living  state  in 
the  mud,  but  also  with  a  Nerita,  and  occasionally  shells  of  Cyrena 
carolinensis,  I  tasted  the  water  here  and  found  it  perfectly  fresh, 
but  was  assured  that  this  was  owing  to  the  wind  blowing  off  the 
shore,  and  that  the  same  testacea  cannot  live  in  water  perma- 
nently fresh.  The  Gnathodon  is  not  known  to  exist  at  present 
at  the  mouth  of  any  American  river  farther  north  than  the  Ala- 
bama. The  accumulation  of  fossils  is  far  too  considerable  and  ex- 
tensive to  be  referred  to  the  Indians,  who  are  supposed  by  some 
observers  to  have  used  them  for  food,  and  to  have  left  the  shells 
scattered  over  the  ground.  On  the  other  hand,  the  facts  above 
stated  may  perhaps  be  explained  without  assuming  that  there  has 
been  an  upheaval  of  the  coast  since  the  brackish  waters  of  the  Gulf 
of  Mexico  were  inhabited  by  the  Gnathodon.  It  is  possible  that 
the  action  of  the  waves  on  the  shore  may  have  thrown  up  these 
shells  in  the  form  of  sea- beaches. 

Fourthly,  I  have  not  fallen  in  with  any  deposits  of  miocene  shells 
in  the  course  of  my  present  tour  in  Georgia  and  Alabama.  The 
most  southern  point  where  I  know  them  to  occur  is  South  Carolina. 
Dr.  Gibbes  of  Charleston  showed  me  a  large  number- of  miocene 
fossils  obtained  by  him  and  Mr.  Tuomey  on  the  banks  of  Goose 
Creek,  near  the  mouth  of  the  Cooper  river,  at  a  place  not  visited  by 
me  in  1842. 

Fifthly,  the  eocene  formations  are  of  great  thickness,  and  occupy 
an  extensive  area  in  Georgia  and  Alabama.  I  formerly  described 
in  the  Society's  '  Proceedings '  and  *  Journal  *  the  two  formations  of 
this  age  which  I  saw  in  1841-42  in  South  Carolina  and  Georgia, 
the  one  chiefly  calcareous,  consisting  of  white  limestone  and  marl, 
the  other  the  burr-stone  formation,  composed  principally  of  clay 
and  sand ;  and  I  showed  in  a  diagram  representing  a  natural  sec- 
tion at  Jacksonboro*,  Georgia  (Journal  of  the  Geol.  Society,  vol.  i. 
p.  438),  the  manner  in  which  these  different  members  of  the  eocene 
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series,  both  horizoDtally  itratified,  rest  one  upon  the  other.  My  gz- 
aminatioo  of  the  cuttiugs  recently  made  for  a  railway  about  200 
miles  in  length  between  Savannah  and  Macon  in  Georgia,  in  a  line 
parallel  to  the  section  which  I  formerly  olxterved  in  the  blii&  of 
the  Savannah  river,  has  confirmed  the  opinions  before  expressed  by 
me,  namely,  Ist,  that  the  clays  and  sands  containing  the  barr-stone 
are  eocene,  as  shown  by  casts  of  testacea  and  corals ;  2ndly,  that 
tliey  overlie  the  calcareous  eocene  limestone  and  white  marl.  In 
like  manner  I  have  found  throughout  Alabama  that  the  lower  ter- 
tiary deposits  in  which  the  calcareous  strata  predominate  are  hori- 
zontal, with  a  very  undulating  or  uneven  surface,  and  have  bees 
covered  by  newer  beds,  also  horizontal,  of  blood-red  day,  silt,  quartz 
gravel,  white  porcelain  earth,  yellow  ochreous  clay,  and  white,  pink 
and  yellow  siliceous  sands  and  ferruginous  sandstone.  Chert  occurs 
in  some  places  in  this  upper  deposit,  which  is  so  barren  of  organic 
remains  in  Alabama,  that  I  could  only  infer  its  eocene  date  from 
the  analogy  of  Georgia.  The  older  eocene  limestone  and  mari 
must  have  had  a  very  uneven  surface,  shaped  into  hills  and  valleys 
often  bounded  by  steep  precipices,  before  the  incumbent  clay  alid 
sand,  which  is  occasionally  from  300  to  400  feet  thick,  waa  thrown 
down.  When  the  original  inequalities  had  been  for  the  most  part 
removed  by  the  deposition  of  the  argillaceous  and  sandy  beds,  the 
existing  ravines  and  valleys  were  excavated  at  the  expense  of  both 
formations,  and  hence  it  occasionally  happens  that  two  closely  ad- 
joining sections,  each  on  the  same  level  and  of  the  same  height» 
exhibit  a  distinct  series  of  horizontal  beds.  This  diversity  is  e%exar 
plified  in  different  parts  of  the  bluff  at  Claiborne  on  the  Alabama 
river,  which  has  become  celebrated  for  the  great  number  of  perlj^i^ 
fossil  shells  obtained  from  it  by  Messrs.  Conrad  and  Lea.  At  the 
new  landing,  the  perpendicular  precipice  exhibits  more  than.  14X) 
feet  of  the  calcareous  formation,  chiefly  composed  of  white  linif^ 
stone  and  marl,  while  the  red  day  and  sand  appear  only  at:  the  Acip. 
of  the  cliff  about  twenty  feet  thick.  But  this  upper  formatioQ»  AhoNt 
a  mile  lower  down  in  the  same  bluff  at  Claiborne,  is  more  Chan  )Q0 
feet  thick,  composed  of  sand  and  day  without  fossils,  a  smU  Jjpqgr 
tion  only  of  the  calcareous  beds  cropping  out  from  beneatlu  :i  mi  ■ 
Sixthly,  owing  to  the  extent  and  thickness  of  the  overlying  ^4l9y 
and  sand,  it  is  often  impossible  to  obtain  a  clear  section  of  tna'fa* 
rious  subdivisions  of  the  eocene  white  limestone  of  Alabama. .  T^ 
this  cause  I  attribute  the  obscurity  in  which  the  true  age  of  the 
nummulite  limestone  of  Alabama  has  hitherto  been  involved.:  It 
has  been  considered  sometimes  as  an  upper  cretaceous  groups  aorne- 
times  as  intermediate  in  age  between  the  tertiary  and  secondary 
series.  After  visiting  Claiborne  and  the  country  on  the  other  side 
of  the  Alabama  river  in  the  fork  of  that  river  and  the  TombeebeBf 
passing  by  Suggsville,  Macon,  Clarksville  and  Creagh's,all  in  Clarke 
county,  I  am  persuaded  that  the  nummulite  limestone  is  an  eoccpi^ 
rock,  newer  than  all  the  beds  of  the  well-known  Claiborne  .bla£, 
It  is  in  fact  more  modtTu  than  the  sandy  deposit  from  wi^Gh  the, 
epccne  shells  described  in  the  publications  of  Messrs.  Conradi  jmd 
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Lea  were  derived.     The  annexed  section  will  explain  my  view  of 
the  structure  of  this  country  better  than  a  detailed  description. 


Sutrion  ihowing  the  posUkm  of  the  Nummulitic  Limbstonb  near  Cl 


a.  White  eocene  limestone,  mari,  9cc. 

b,  Numnmlitic  limestone  (eocene). 

e.  Blood-red  clsjr,  yellow  sand,  &c.  (eocene  ?) 

I  am  informed  by  Captain  Bingham  the  engineer,  that  some  of 
the  hills  between  Clarksville  and  Creagh's,  on  the  tops  of  which  I 
observed  the  nummulite  limestone,  are  about  400  feet  higher  than 
the  top  of  the  bluff  at  Claiborne. 

Seventhly,  the  conclusion  last-stated  will  make  it  necessary  in 
future  to  omit  from  all  lists  of  American  cretaceous  fossils  such 
species  of  shells  as  have  been  considered  secondary,  simply  on  the 
ground  of  their  occurrence  in  the  nummulite  limestone  of  Ala- 
bama. The  fossils  which  I  have  met  with  most  abundantly  in  the 
latter  are  the  Nummulites  Mantelli  and  Pecten  Pouhonu  I  have 
however  many  others,  especially  casts  of  shells  and  corals,  which  1 
shall  hereafter  describe.  The  nummulitic  formation  is  from  50  to 
100  i^t  in  thickness,  consisting  for  the  most  part  of  a  soft  cream- 
coloured  stone,  hardening  on  exposure,  while  id  other  beds  it  is 
highly  indurated.  In  its  lower  portion,  where  it  joins  the  ordinary 
white  limestone,  I  found  Pecten  perplanusy  Ostrea  panda  and  Pla^ 
gioitama  dumosum,  Lunulites  and  other  corals  also  occur  in  this 
rock.  The  recognition  of  the  true  place  of  this  limestone  in  the 
series  will  remove  almost  every  fossil  from  the  list  of  those  species 
which  were  still  supposed  to  be  common  to  the  cretaceous  and  ter- 
tiary groups  of  the  United  States. 

Eighthly,  I  have  visited  several  of  the  principal  localities  where 
the  bones  of  that  gigantic  cetacean,  called  Basilosaurus  by  Dr.  Har- 
lan and  Zeuglodon  by  Mr.  Owen,  have  been  discovered  in  Clarke 
county  before-mentioned.  These  bones  are  everywhere  in  the  same 
geological  position,  namely  in  the  eocene  white  limestone,  below 
the  level  of  the  nummulitic  rock  and  above  the  beds  which  contain 
the  greater  number  of  perfectly  preserved  eocene  shells,  such  as 
Cardiia  phmicosta  and  others. 

Ninthly,  on  Creagh's  plantation  and  about  four  miles  and  a  half 
S.W.  from  Clarksville,  I  visited  the  spot  where  Mr.  Koch  procured 
in  1845  the  head  and  part  of  the  vertebral  column,  about  thirty  feet 
in  length,  of  the  Zeuglodon,  called  by  him  Hydrarchos.  I  was  ac- 
companied by  Mr.  William  Pickett,  a  gentleman  who  abo  assisted 
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Mr.  Koch  in  the  exhumation  of  those  bones.  From  him  and  other 
persons  I  learn  that  the  main  body  of  the  Tertebrae  which  entered 
into  the  skeleton  exhibited  in  the  United  States  by  Mr.  Koch  in 
1846  under  the  name  of  Hydrarchos  were  procured  in  Washington 
county,  Alabama,  at  a  place  fifteen  miles  distant  in  a  direct  line 
from  the  locality  where  the  head  was  dug  up. 

1  have  information  of  about  forty  other  places  where  separate 
bones  of  this  huge  animal  have  been  met  with  in  Clarke  and  Wash- 
ington counties  alone.  From  several  of  these  I  have  seen  the  bones, 
and  they  are  in  so  perfect  a  condition  and  so  bulky,  so  distant  the 
one  from  the  other,  and  must  have  been  so  difficult  to  transport, 
that  I  can  hardly  doubt  their  having  belonged  to  forty  distinct  in- 
dividuals. 


3.  On  some  Footmarks  and  other  Impressions  observed  in  the  New 
Red  Sandstone  Quarries  of  Storton,  near  Liverpool.  By 
John  Cunningham,  Esq.,  F.G.S. 

The  author,  in  a  communication  dated  January  5,  1846,  and  ad- 
dressed to  Dr.  Buckland,  observes,  '*  the  small  slab  which  I  here- 
with send  ^  contains  an  impression  in  intaglio  of  what  I  conceive 
to  be  the  footprints  of  small  birds.  They  are  the  only  impressiond 
having  a  resemblance  to  those  of  birds  that  I  have  hitherto  been 
able  to  detect  among  the  numerous  indications  of  reptiles  associated 
with  them  in  one  of  the  beds  of  the  Storton  quarries,  and  if  they 
should  prove  to  be  Omithichnites,  I  do  not  despair  of  finding  the 
larger  impressions  in  some  of  the  strata  of  Storton  Hill ;  but  the 
other  quarries  around  Liverpool  are  quite  barren  of  all  impres- 
sions." 

In  a  further  communication  made  on  the  30th  of  March,  Mr. 
Cunningham  states,  *<  I  am  glad  to  inform  you,  that  on  Saturday 
last,  being  at  Storton,  I  discovered  on  the  face  of  a  slab  three  rorst 
distinct  indurated  impressions  of  a  bird's  feet  of  pretty  large  size, 
measuring  two  inches  and  a  half  in  length.  The  feet  had  three  toes; 
the  intermediate  space  between  two  impressions  is  ten  inches,  and 
80  far  as  they  go,  the  impressions  are  right  and  lef^  There  can,  I 
think,  be  no  doubt  of  the  animal  that  produced  them  having  been  a 
bird,  and  probably  one  of  the  Gratia:.  There  was  no  appearance 
of  a  web  between  the  toes. 

**  This  discovery  I  consider  important,  as  proving  beyond  a  doubt 
the  existence  of  warm-blooded  animals  in  this  country  during  the 
period  of  the  deposit  of  the  New  red  sandstone.  I  have  long  looked 
for  something  of  the  kind,  and  am  now  hoping  to  discover  some  of 
the  large  Omithichnites." 

*  This  slab  was  presented  by  Mr.  Cunningham  to  the  Geologic  Society. 
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May  20,  1846, 

[ic  Rev.  J.  G.  Gumming,  M.A.,  Vice-Principal  of  King  William's 
lege.  Isle  of  Mai),  and  C.  li.  L.  Woodd,  Esq.,  were  elected  Fel- 
ip  of  the  Society. 

The  following  communications  were  read : — 

llJescripiion  of  a  New  Species  of  Plesiosauuus,  wi  the  Mu- 
seum of  the  Bristol  Institution.     By  Samuel  Stutchbury,  Esq., 
r*G.S.  &c. 

Plate  XVIII. 

IE  animal  about  to  be  described  in  the  following  pages  was  dis- 

fered  in  the  grey  lias,  which  is  largely  quarried  throughout  So- 

Dtshire  for  building-stone  and  other  economic  purposes. 

E.  The  remains  of  Enaliosaurians  are  distributed  through  the  whole 

sic  period,  and  it  has  been  observed  in  the  miyority  of  casfiv  as 

ilatea  to  the  two  genera  Plesiosaurus  and  Ichthyosaurus,  that  spe- 

Dena  of  the  first-named  genus  are  mostly  found  lying  upon  their 

cks,  while  the  Ichthyosauri  are  generally  lying  upon  their  sides ; 
lit  in  a  few  instances  the  parts  of  the  skeletons  ov  both  have  become 

located  and  detached  from  one  another,  not  even  retaining  in  any 
nner  their  relative  position. 

In  the  first  of  these  cases  I  imagine,  that  afler  the  death  of  the 
■•Dioial,  gases,  evolved  principally  among  the  abdominal  viscera,  have 
been  retained  by  means  of  the  tough  dermal  covering,  aided  by  the 
support  of  the  sterno-costal  arcs,  and  the  body  becoming  gradually 
water-logged,  was  quietly  deposited  on  the  muddy  bottom  and  after- 
wards silted  up*. 

The  fact  of  the  Ichthyosauri  possessing  a  more  fish-like  form,  tlie 
depth  in  their  supero- inferior  diameter  being  greater  than  their  late- 
ral width,  accounts  for  their  being  so  constantly  found  lying  upon 
their  sides ;  and  the  occasional  dislocated  condition  to  which  I  have 
alluded  results  from  their  tough  integuments  having  held  together 
until  the  interior  of  the  body  was  so  much  macerated  as  to  disunite 
the  whole  skeleton,  which  would  then  be  similar  to  a  number  of 
loose  bones  held  in  a  bag  or  sack. 

But  as  these  animals  generally  appear  to  have  been  quietly  de- 
posited, it  would  seem  that  they  must  have  been  protected  in  some 
manner  from  the  attacks  of  their  own  predaceous  race,  as  well  as 
from  those  of  the  fishes,  of  which  numerous  remains  attest  the  ex- 
btence  during  that  period ;  and  these  saurian  remains  appear  also 
to  have  belonged  to  individuals  of  all  ages.  Hence  the  opinion  has 
arisen,  as  noticed  by  Dr.  Buckland,  that  these  creatures  experienced 
a  violent  death. 

*  Since  this  paper  was  read,  the  author's  attention  has  heen  directed  to  a  notice 
in  the  Geol.  Trans.,  2nd  series,  vol.  v.  p.  513,  by  Professor  Owen,  and  he  finds 
that  he  has  used  arguments  very  similar,  respecting  consequences  after  death,  to 
those  used  bv  that  author. 
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If  we  suppose  some  sudden  difi\i8ion  of  mephitic  gas  through  the 
waters,  produced  by  submarine  volcanic  action,  this  would  be  a 
cause  sufficient  for  the  immediate  destruction  of  all  animab  within 
its  influence,  and  during  its  continuance  would  also  prevent  other 
animals  entering  within  its  poisonous  precincts,  thus  allowing  time 
for  the  dead  bodies  to  be  quietly  deposited  in  the  manner  before 
suggested. 

To  these  or  some  such  causes  and  effects  we  are  indebted  for  the 
means  of  examining  the  remains  of  the  Enaliosaurians  in  the  very 
perfect  condition  in  which  they  are  generally  found. 

In  the  descriptive  detail  which  the  admirable  state  of  preserva- 
tion of  the  specimen  before  us  enables  me  to  give,  I  shall  adopt  the 
nomenclature  of  Professor  Owen  *,  as  being  most  applicable  to  this 
particular  order. 

Plesiosaurus  megacephalus. 

Animal  with  spinal  column  consisting  of  ninety-four  vertebrae  in 
the  following  divisions: — cervical  twenty-nine,  dorsal  and  lumbar? 
thirty-four,  sacral  and  caudal  thirty-one.     Total  ninety -four. 

Head  large,  in  length  equal  to  two -thirds  that  of  the  neck,  and 
one-sixth  of  the  whole  length  of  the  body. 

The  whole  length  of  the  animal  from  the  anterior  portion  of  the 
muzzle  to  the  posterior  extremity  of  the  tail,  measured  along  its 
curvatures,  is  sixteen  feet  three  inches. 

The  superior  portion  of  the  head,  posterior  to  the  orbits,  is  so 
much  crushed  as  to  prevent  any  examination. 

The  teeth,  of  which  more  than  sixty  can  be  counted  in  the  two 
jaws  anterior  to  the  line  of  the  orbits,  are  finely  striated  towards 
their  apex  in  the  young  state,  but  perfectly  smooth  in  the  matured 
teeth. 

The  sixth  tooth  from  the  front  in  the  lower  jaw  outside  the  socket 
is  in  length  1  inch  -nrths,  and  the  diameter  at  the  base  yV^^  inch. 

In  this  specimen  there  is  an  inner  row  of  small  mucronate  teeth 
situated  parallel  to  the  principal  or  external  teeth  t* 

The  coiumellar  bane  is  in  this  specimen  clearly  displayed,  and  is 
separated  at  its  superior  extremity,  and  slightly  shifted  at  its  inferior, 
now  lying  on  the  same  plane  as  the  whole  inferior  surface. 

*  Vide  Report  on  the  *  British  Fossil  Reptiles/  laid  before  the  British  Associa. 
tion  in  1839. 

t  Professor  Owen  regards  these  as  the  young  teeth  in  progress  of  growth,  and 
describes  them  as  follows : — "  The  germs  of  the  successional  teeth  are  developed 
at  the  inner  side  of  the  bases  of  the  old  teeth,  but  do  not  penetrate  these  teeth  ; 
the  apices  of  the  new  teeth  make  their  appearance  through  foramina  situated  at 
the  inner  side,  and  generally  at  the  interspace  of  the  sockets  of  the  old  teeth. 
Here,  therefore,  the  growing  teeth  may  be  included  in  closed  recesses  of  the  os- 
seous substance  of  the  jaw,  and  emerge  through  tracts  distinct  from  the  sockets 
of  their  predecessors/' — Odontography ,  p.  285. 

And  again, — ^  The  dentition  of  the  Plesiosaurus  differs  from  that  of  the  Croco- 
dile, inaamuch  as  the  new  tooth,  instead  of  emerging  from  the  pulp-cavity  of  the 
old  tooth,  or  even  from  the  same  socket,  protrudes  its  apex  through  a  diatioct 
foramen  at  the  inner  side  of  the  al?eolus  of  its  predecessor.*'— /2ru/.  p.  282. 


1846.]  STUTCHBURY  ON  A  NEW  PLBSI0SAURU8.  413 

The  Pterygoid^  as  seen  from  the  inferior  surface,  remains  nearly 
in  place,  its  posterior  extremity  being  in  contact  \vith  the  articalar 
bone  of  the  lower  jaw. 

ft.  in.  lOth*. 
Length  of  the  lower  jaw  from  the  anterior  part  of  the  muzzle  to  the 

end  of  the  articular  bones 2    8  0 

Inferior  surface  of  the  head  from  the  muzzle  to  the  basi-occipital...  2    0  5 

Ditto  ditto  to  the  anterior  wall  of  the  nasal  openings 1     6  0 

Length  of  the  sjrmphysis  of  the  lower  jaw   5  6 

Breadth  of  the  widest  part  of  the  muzzle    5  2 

Widest  part  across  the  occipital  region 13  5 

Superior  surface  of  the  head ;  from  the  muzzle  to  anterior  part  of 

the  nasal  openings 9  6 

Ant«ro-posterior  length  of  the  nasal  opening  1  1 

Width  of  the  nasal  openings 5 

Distance  between  the  nasal  openings 1  1 

From  the  anterior  part  of  the  muzzle  to  the  anterior  wall  of  the 

orbit    11  5 

Columellar  bone,  length    5  7 

Ditto,  diameter  6 

^Cervical  vertebrtB, — Twenty-nine  in  number. 

Nos.  1  and  2  appear  to  be  anchylosed. 

No.  3,  antero-posterior  diameter  1  2 

Distance  between  the  inferior  point  of  the  neurapophjrsis  to  the 
superior  margin  of  the  articular  facet  for  the  reception  of  the 

cervical  rib 5 

Vertical  diameter  of  the  articulating  facet  ^ 

Nos.  4,  5,  6.  Antero-posterior  diameter  1  2 

Height  or  length  of  neurapophysis  2  2 

Nos.  7,  8.  Antero-posterior  diameter   1  2 

Nos.  9  to  13.  Ditto  ditto 1  4 

Nos.  14,  15.    Ditto  ditto 1  5 

No.  16.  Ditto  ditto 1  7 

Distanee  between  the  inferior  point  of  the  neurapophysis  to 
the  superior  margin  of  the  articular  facet  for  the  reception 

of  the  cervical  rib  6 

Nos.  17,  18.  Antero-posterior  diameter  1  7 

Height  or  length  of  neurapophysis  2  6 

Height  or  length  of  spinous  process  above  the  neurapophysis...        1  8 

No.  19*  Antero-posterior  diameter  1  9 

Distance  between  the  orifices  of  the  vascular  canals  8 

Nos.  20  to  26.  Antero-posterior  diameter    1  9 

Articulating  facet  distinctly  separate  into  two,  superior  and 
inferior. 

Nos.  27  to  29.  Antero-posterior  diameter    2  0 

Vertical  diameter  of  the  centrum  of  the  vertebra    3  2 

The  inferior  surface  of  the  neurapophysis  of  the  twenty-ninth 
vertebra  is  extended  outwards,  forming  a  transverse  process,  carry- 
ing part  of  the  articulating  facet. 

The  inferior  surface  of  the  centrum  of  the  cervical  vertebrso  is 
subcarinated  along  the  median  line. 

The  cervical  rib  or  hatchet-shaped  bone  is  most  strongly  cbarao* 
terized  at  about  the  twentieth  vertebra. 

The  articulating  fa(^et  for  the  attachment  of  the  cervical  rib  Is 
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nearly  circular,  very  rough,  with  a  deep  and  broad  groove  about 
one-third  above  its  inferior  margin. 

Diameter  of  articulating  surface 1  2 

Length  of  pedicle 9 

length  of  whole  rib 1  7 

Lateral  expansions   2  1 

Of  the  lateral  expansions  one-third  part  i^  anterior  and  two-thinb 
posterior. 

Dortfol  and  Lumbar?  vertebriP. — Thirty-four  in  number;  the  ma- 
jority of  tliem  are  now  concealed  by  the  sternal  bones,  which,  to- 
gether with  the  stemo-costal  arcs,  were  removed  for  the  purposse  of 
examining  the  number  of  vertebraB,  &c.:  the  stemo-costal  arcs  are 
not  restored  to  their  natural  position,  but  kept  separate. 

The  dorsal  vertebrae  are  not  carinated  upon  the  inferior  plane  of 
the  centrum,  as  are  the  cervical  and  caudal.  The  surface  is  smooth; 
they  are  deeply  concave  on  their  inferior  line;  thus  in  the  thirteenth 
vertebra,  the  antero-posterior  diameter  being  2^^  inches,  the  coo- 
cavity  is  half  an  inch. 

Sacral  and  Caudal  vertebrcB. — Thirty-one  in  number. 

It  has  been  stated  that  the  cervical  vertebrae  are  carinated  on  their 
inferior  plane  and  that  the  ridge  or  carina  does  not  exist  on  the  dorsal 
vertebrae.  In  the  caudal  vertebrae  there  are  two  strongly- marked 
angulations  or  ridges,  giving  these  vertebrae  a  remarkably  distinct 
character  from  those  of  the  anterior  portion  of  the  spinal  column. 

The  haemapophyses  partake  of  the  general  robust  character  of  the 
whole  skeleton. 

The  true  ribs  are  large,  several  of  them  two  feet  in  length,  with 
a  diameter  of  l^inch;  their  exact  measurements  cannot  be  ob- 
tained in  consequence  of  the  overlying  of  the  shoulder  and  sternal 
bones. 

Entostemum. — This  bone  is  large,  but  much  mutilated  ;  its  lateral 
length  in  a  line  with  its  anterior  concavity  was  16  inches ;  its  antero- 
posterior length,  taken  at  the  widest  part  across  its  lateral  expansion, 
is  7yV  incbes ;  its  anterior  concavity  2j*^  inches  in  depth. 

SierftO'Costal  arcs, ^These  have  been  removed  en  nuisse  for  the 
purpose  of  exposing  the  dorsal  vertebrae  and  ribs;  they  are  now 
placed  separately  in  the  same  case  (Plate  XVIII.  fig.  4). 

in.  lachi. 

length  of  the  median  piece  13    0 

Diameter  in  centre 1     0 

Coracoids, 

Antero-posterior  dimensions 17     0 

Breadth  from  median  line  to  the  glenoid  cavity  8     8 

Scapula  and  Clavicle. — These  bones  being  anchylosed»  form  one 
large  tri  radiate  bone. 

Its  anterior  expansion    7     0 

Its  lateral  expansion  6    0 
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Humerus.  in.  lotht. 

Length  from  the  extreme  conTezitiet  of  the  proximal  and  dista] 

extremities 13  7 

Diameter  across  the  head 3  3 

Ditto         ditto  great  tuberosity  3  7 

Ditto  at  half  its  length 3  3 

Ditto  at  its  distal  extremity 7  0 

Anterior  edge  nearly  straight,  posterior  edge  deeply  concave ;  depth 

of  the  oonca?ity 1  8 

Radius. 

Length  from  proximal  to  distal  terminations    4  6 

Breadth  across  proximal  extremity  3  5 

Diameter  at  half  its  length    2  0 

Diameter  at  distal  extremity 2  7 

Ulna. 

Greatest  length  of  its  posterior  or  convex  edge  4  3 

Length  of  its  anterior  or  concave  edge 3  3 

Breadth  at  half  its  length,  being  from  the  deepest  part  of  the  ante- 
rior concavity  to  the  posterior  convexity 3  3 

Depth  of  anterior  concavity  or  versed  sine 5 

Carpal  bones^ — Six  in  number. 

Diameter  of  the  largest 2  3 

Ditto                 smallest    1  0 

The  Metacarpal  and  Digital  Phalanges  are  expanded  at  their  ex- 
tremities, the  diameter  of  their  centres  being  as  two  to  three  to  that 
of  the  extremities. 

The  paddles  not  being  quite  complete,  the  number  of  the  digital 
phalanges  cannot  be  stated. 

Pelvis. 

Antero-posterior  dimensions  of  the  Pubie  bones  along  the  median 

line  or  symphysis  8  6 

Diameter  of  the  Isehmm  taken  in  the  same  direction 11  0 

Length  of  the  Ilium  ^both  of  which  are  remariiably  well  preserved)  8  5 

Diameter  across  the  extremity  which  forms  part  of  the  aoetabolnm  3  4 

^.'^Jl^iftmct^r  across  the  sacral  extremity   2  1 

Ditto  at  half  iU  length  1  4 

Femur. — The  head  of  each  femur  is  broken  off,  but  judging  from 

appearances,  I  take  it  to  have  been  about  the  same  length  as  the 
humerus. 

Length  from  the  trochanter  to  its  distal  extremity 9  0 

Diameter  at  half  its  length? 3  2 

Ditto  across  distal  end  6  4 

The  anterior  edge  is  slightly  concave,  as  also  the  posterior  edge» 
but  not  so  concave  as  the  posterior  edge  of  the  humerus. 

Tibia. 

Length    4  5 

Diameter  at  femoral  extremity 3  9 

Ditto  at  tarsal    3  10 

Ditto  at  half  iti  length 2  7 

2x2 
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Fibula,  in.  iPdM. 

Greatest  length  of  its  posterior  or  convex  edge  4     5 

Length  of  the  anterior  or  concave  edge  2     7 

Diameter  at  half  its  length,  from  the  depth  of  its  anterior  concavity 

to  the  posterior  convex  edge 3     7 

Tarsal  bones. — Four  in  number;  the  three  posterior  bones  being 
large. 

Diameter  of  the  largest  of  the  three 2    3 

Ditto  of  the  smallest 2     1 

The  anterior  tarsal  bone  is  small,  its  diameter    6 

The  metatarsal  and  digital  phalanges  consist  of  five  ranges,  larger 
and  broader  than  in  the  anterior  paddles,  but  not  being  complete, 
the  number  of  digital  phalanges  cannot  be  enumerated. 


Proportions, — The  whole  length  of  the  animal,  as  before  stated, 
is  16  feet  S  inches;  for  the  sake  of  comparison  I  shall  call  it  1000. 
We  shall  then  have: — 

Length  of  lower  jaw    160 

Length  of  neck    245 

Width  across  lower  jaw 78 

Length  of  humerus 67 

Width  of  distal  extremity  of  humerus 35 

Antero-posterior  length  of  coracoid    98 

Width  of  coracoid    47 

The  length  of  the  head  is  two- thirds  the  length  of  the  neck ;  it 
bears  the  same  proportion  with  regard  to  the  thirty-four  vertebrae 
comprising  the  tail.  

P,  megacephalus  differs  from  the  undernamed  species  in  tlie  fol- 
lowing particulars : — 

P.  Hawkinsiif  Ow.  P,  megacephalus. 

The  neck  is  three  times  the         The  neck    is  only   one-third 

length  of  the  head.  longer  than  the  head. 

The  tail   is  two   and  a  half        The  tail  is  but  one-third  longer 

lengths  of  the  head.  than  the  head. 

The    cervical    vertebree    are         The    cervical    vertebrae    are 

thirty-one  in  number.  twenty-nine  in  number. 

The    cervical    vertebrae    are         The    cervical    vertebrae     are 

smooth  on  their  external  surface,  slightly  rugose. 

The  length  of  the  largest  of        The  whole  length  is  sixteen 

four  or  five  adult  specimens  does  feet  three  inches, 
not  exceed  seven  feet  six  inches. 

P,  dolichodeiruSf  Coo. 

The  neck  is  as  four  to  one  of  The  neck  is  as  three  to  two  of 

the  head.  the  head. 

The  bead  is  as  one  to  thirteen  The  head  is  as  one  to  six  of 

of  the  whole  length  of  the  ani-  the  wliole  length  of  the  animal. 
maL 
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P,  macrocep/uiiiiSt  Ow.  P,  megficephcUua, 

The  neck  is  as  four  to  two  of  The  neck  is  as  three  to  two  of 
the  head.'  '  the  head. 

P.  brachycephalus^  Ow.  * 

The  head  is  equal  in  length  to  The  head  is  equal  in  length  to 

fourteen  of  its  anterior  cervical  twenty  of  its  anterior   cervical 

vertebrae.  vertebrae. 

P,  macrourusy  Ow. 
The  anterior  paddles  are  the         The  anterior  paddles  are  small- 
largest,  as  in  Ichthyosaurus.  est,  as  in  most  of  the  Plesiosauri. 

P.  arcuatusy  Ow. 
The  vertical  height  of  the  cer-  The  vertical  height  of  the  cer- 
vical vertebra  is  seven  inches.  vical   vertebra  is  seven   inches 

eight  tenths. 

The  length  of  the  humerus  is  The  length  of  the  humerus  is 

fourteen  inches.  thirteen  inches  seven  tenths. 

Diameter    of    the    expanded  Diameter    of    the    expanded 

symphysis  of  the  lower  jaw  is  symphysis  of  the  lower  jaw  is 

four  inches.  five  inches  two  tenths. 

Upon  comparison  with  descriptions  of  the  remaining  species,  there 
are  essential  and  especial  differences  which  at  once  distinguish  from 
all  those  the  known  species  hitherto  discovered. 

DESCRIPTION  OF  PLATE  XVIII. 

Fig.  1.  Plesiosaunu  megaeephahu.    Scale  one  inch  —  I  foot. 

2.  Ditto.    View  of  the  upper  part  of  the  anterior  portion  of  the  head. 

3.  Ditto.    Side  view  of  the  anterior  portion  of  the  head.    Scale  2  inches 

=  1  foot. 

4.  Ditto  sterno-costal  arcs  removed  to  show  the  dorsal  vertehrae. 


2.  On  Foot-marks  discovered  in  the  Co AL-MEAavnES  o^  Pennsyl- 
vania.    By  Charles  Lyell,  Esq.,  F.G.8. 

I  INTENDED  to  dniw  up  a  paper  on  what  I  have  learned  and  ob- 
served respecting  the  proofs  alleged  to  have  been  found  of  the  exist- 
ence of  mammalia,  birds  and  reptiles  in  the  Pennsylvania  coal-field ; 
but  I  cannot  do  this  until  1  receive  my  specimens,*  and  have  had 
more  time  to  make  sections  and  maps,  in  order  to  do  the  subject 
justice.  1  must  therefore  content  myself  with  this  brief  notice.  Hie 
discoveries  of  the  impressions  to  which  I  shall  refer  were  made  by 
Dr.  King,  a  physician  of  this  place,  whom  1  have  seen,  and  who  has 
been  most  anxious  to  facilitate  my  investigations,  and  to  give  me 
every  help  in  arriving  at  the  truth,  which  was  his  only  thought, 

*  The  skull  is  mutilated  in  the  specimen  on  which  this  species  was  founded.' 
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whether  I  confirmed  or  invalidated  his  conclusions.     I  shall  first 
speak  of  the  reptilian  foot-marks. 

The  quarry  where  they  were  found  is  about  five  miles  S.E.  of 
Greensbnrg,  in  the  county  of  Westmoreland,  Pennsylvania.  The  stone 
quarried  is  a  sandstone  which  rises  up  from  beneath  the  main  or  Pitts- 
burg seam  of  coal,  which  has  been  worked  at  its  outcrop  Id  the  im- 
mediate neighbourhood*.  There  are  several  other  seams  of  coal, 
which  lie  at  lower  levels  and  impressions  of  Lepidodendron,  Sigil- 
laria,  Stiginaria,  Calamites,  Ferns,  and  other  plants  have  been  found 
in  the  beds  which  lie  above  and  below  the  sandstone  containing  the 
foot-marks.  The  slabs  of  sandstone,  which  are  extracted  in  the 
quarry  for  paving,  are  separated  by  parting  layers  of  a  fine  unctuous 
clay,  such  as  would  be  admirably  fitted  to  receive  the  most  delicate 
and  faithful  impressions  of  the  feet  of  animals  treading  upon  it. 

One  of  these  Cheirotherian  impressions  was  observed  by  Dr.  King 
imprinted  on  the  upper  surface  of  one  of  the  layers  of  clay  or  shale 
before-mentioned,  but  the  specimen  was  unfortunately  left  exposed, 
and  was  destroyed  by  the  weather.  Twenty-two  other  footsteps 
were  discovered  on  the  under  sides  of  the  slabs  of  sandstone,  stand- 
ing out  in  relief  from  a  surface  which  also  exhibits  those  large  and 
small  mud-veins,  which  are  the  casts  of  cracks  produced  by  the  dry- 
ing and  shrinking  of  the  mud  on  which  the  animal  walked.  The 
shrinkage  took  place  after  the  foot-marks  were  made,  so  that  these 
prints  were  traversed  and  slightly  distorted  by  the  cracks.  The 
casts  of  these  shrinkage  cracks  were  mistaken  for  Fucoids. 

The  Cheirotherian  tracks  occur  in  pairs,  each  pair  consisting  of  a 
hind-  and  fore-foot.  There  are  two  rows  of  these,  which  are  parallel, 
or  have  been  formed,  the  one  by  the  right  fore-  and  hind-feet,  the 
other  by  the  left;  the  toes  turning  one  set  to  the  right  and  the 
others  to  the  left,  and  the  distances  between  the  successive  footsteps 
being  about  the  same  throughout. 

I  shall  now  advert  to  the  supposed  foot-prints  of  birds,  and  of 
quadrupeds  resembling  dogs,  cloven-footed  and  other  animals. 

The  principal  place  where  these  imprints  were  observed,  and  which 
I  visited,  is  about  a  mile  distant  from  the  town  of  Derry  in  West- 
moreland county,  Pennsylvania.  They  were  not  fgund  beneath  the 
soil,  nor  on  the  under  surface  of  solid  strata,  like  the  Chtrotherian 
marks  at  Greensburg,  but  consisted  of  impressions  or  incisions  on 
the  upper  surface  of  a  denuded  ledge  of  white  coal-grit  or  sandstone, 
which  has  been  exposed  for  ages,  and  so  acted  upon  by  water,  that 
channels  and  cavities  have  been  shaped  out,  and  numerous  deep 
pot-holes,  soma  of  them  more  than  a  foot  in  diameter  and  eighteen 
inches  deep,  excavated  in  it.  To  suppose  a  series  of  deep  and  sharp 
foot-prints  of  birds  to  have  been  retained  unblunted  by  weathering, 
or  by  the  currents  of  water  which  denuded  the  sandstone,  wonld  Ue 
suiRciently  difficult ;  but  still  more  to  account  for  the  fact,  that  tlie 
-last  of  the  imprints  is  on  the  steep  end  of  the  ledge,  inclined  at  an 

*  **  The  Pittsburg  seam  is  10  feet  thick,  tnd  has  been  ascertained  to  occupy  an 
area  of  about  14,000  ttjuire  miles.*'—l9^9  Travela  m  /imerkm,  vol.  ii.  p.  S^. 
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angle  of  22°,  so  that  the  bird,  after  walking  on  the  planes  of  stratU 
fication,  which  are  nearly  horizontal,  must  have  gone  over  the  edges 
also.  Loose  sand,  capable  of  receiving  an  impression,  could  never 
have  acquired  the  present  outline  in  a  ledge  of  rock;  and,  on  the 
other  hand,  sand  consolidated  into  stone,  as  this  evidently  was  when 
denuded,  could  never  have  been  marked  subsequently  by  any  known 
agency  but  the  hand  of  man,  in  imitation  of  the  feet  of  birds  and 
quadrupeds. 

In  order  to  explain  the  great  number  of  the  foot-prints  appearing 
on  so  uneven  a  surface,  and  where  several  different  stratified  layers 
of  sandstone  have  been  cut  into,  we  should  have  to  imagine  that 
there  were  originally  a  multitude  of  impressions  on  each  supei^ 
imposed  layer,  all  nearly  in  one  direction ;  that  wherever  the  denu- 
ding action  of  water  had  happened  to  cut  into  any  inferior  layer,  it 
always  laid  open  to  view  new  tracks.  But  this  hypothesis  is  so  far 
from  being  borne  out  by  the  facts,  that  afler  cutting  into  the  stooe 
in  more  than  twenty  places,  and  removing  small  a\&bs  with  imprints 
on  them.  Dr.  King  has  never  been  able  to  detect  a  single  indication 
of  a  foot-mark  in  the  rock  below. 

One  of  the  dog-like  foot-prints  on  this  Derry  stone  agrees  with 
one  of  those  which  are  found  in  another  locality,  in  Fayette  county, 
near  Connelsville,  nineteen  miles  from  Greensburg,  and  about  thirty 
from  Derry.  Dr.  King  and  the  Rev.  Mr.  Hackey,  who  have  visiled 
that  place,  inform  me  that  unquestioned  Indian  hieroglyphics^  and 
the  representation  of  a  serpent  and  two  human  heads,  are  there  to 
be  seen  with  bird  tracks  and  those  of  hoofed  quadrupeds.  I  have 
seen  good  imitations  of  the  foot-prints  of  birds  brought  to  Indiana 
by  Dr.  David  Dule  Owen  from  St.  Louis,  Missouri,  on  slabs  of  lime- 
stone sculptured  by  Indians ;  nor  can  anything  be  more  probable, 
than  that  the  aboriginal  inhabitants  of  North  America,  who  are  so 
accustomed  to  trace  and  follow  the  trail  of  every  kind  of  game, 
should  occasionally  employ  as  symbols  of  birds  and  quadrupeds,  an 
imitation  of  the  foot-prints  which  they  leave  on  soft  mud  and  sand. 
As  Dr.  King  agrees  with  me  in  abandoning  as  spurious  all  the  im- 
prints except  those  of  the  large  reptile,  I  will  not  dwell  longer  on 
the  refutation  of  the  evidence ;  but  I  may  mention  that  there  are 
numerous  graves  of  Indians  near  the  sculptured  sandstone  of  Derry, 
and  it  is  known  to  have  lain  in  the  line  of  one  of  their  principal 
paths  leading  from  the  Alleghany  mountains  to  the  west. 

The  rectitication  of  a  few  mistakes,  with  which  some  of  the  first 
observations  in  this  new  field  have  been  connected,  is  a  matter  of 
small  interest  and  moment  compared  to  the  important  truth  which 
has  been  brought  to  light  through  Dr.  King's  exertions; — that  the 
land  on  which  forests  of  Sigillaria  and  Lepidodendron  girew,  gave 
support  also  to  large  air-breathing  quadrupeds.  Few  geologists  will 
now  be  prepared  to  believe  that  this  single  species  or  genus  of  rep- 
tiles, or  that  one  class  only  of  vertebra  ted  animals,  had  possession  of 
the  islands  and  continents  on  which  so  widely-extended  and  mag- 
nificent a  vegetation  flourished. 

It  may  be  as  well  for  me  to  add,  that  the  rtjection  of  the  sup- 
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posed  Ornithichnites  of  Derry  as  spurious  has  by  no  means  led  me 
to  doubt  the  genuineness  of  those  that  1  formerly  examined  in  the 
red  sandstone  of  the  Connecticut  valley,  and  which  have  been  so 
fully  described  by  Professor  Hitchcock.  On  the  contrary,  those 
fossil  foot-prints  were  found  under  circumstances  in  all  respects 
analogous  to  those  which  lead  me  to  believe  in  the  reality  of  the 
Cheirotherium  which  has  been  discovered  in  the  coal  strata  near 
Greensburg.  These  reptilian  tracks  occur  in  one  locality  only ;  no 
others  have  yet  been  found  in  the  same  place,  nor  under  similar 
circumstances  elsewhere. 


3.  Description  of  an  Upper  Molar  Tooth  of  Dichobune  cervinum 
from  the  Eocene  Marl  at  Binstead,  Isle  of  Wight.  By  Prof. 
Owen,  F.R.S.,  F.G.S.  &c. 


,«d.„bun,.  ^  ^ 


Dichobune.  Mocchus. 

Movchus.  Dichobune.  t^^  (Lower  MoUn.) 


MoschuB. 

The  species  of  Anoplotherian  quadruped  described  in  the  '  Geolo- 

fical  Transactions,'  second  series,  vol.  vi.  p.  4-1,  and  in  my  *  British 
ossil  Mammalia,'  p.  440,  under  the  name  of  Dichobune  cervinum, 
has  hitherto  been  known  only  by  the  fragment  of  lower  jaw  with 
three  molars,  first  described  and  figured  by  S.  P.  Pratt,  Esq.,  F.R.S^ 
in  the  third  volume  of  the  same  series  of  *  Geol.  Trans.,*  p.  451 .  As 
the  lower  molar  teeth  are  less  characteristic  of  the  aberrant  Ano- 
plotheriidae  and  less  distinct  from  those  of  the  Ruminantia  than  the 
upper  ones,  the  opportunity  of  examining  an  upper  molar  tooth  of  a 
Dichobune  was  much  to  be  desired,  more  especially  since  Cuvier  had 
not  been  able  to  obtain  more  than  one  small  fragment  of  the  upper 
jaw,  with  two  premolars,  of  this  subgenus,  from  the  Eocene  forma- 
tions in  France*. 

1  am  indebted  to  Hugh  Strickland,  Esq.,  F.G.S.,  for  the  desired 
opportunity  of  examining  the  upper  true  molar,  either  first  or  se- 
cond of  the  left  side,  here  figured  (figs.  1,  2).  It  was  obtained  at 
Binstead,  in  the  Isle  of  Wight,  from  the  same  quarry  as  the  lower 
jaw  of  the  Dichobune  cervinum  above  referred  to,  and  it  presents 

♦  See  '  Osftcmens  Fossilcs,*  4to,  1825,  vol.  iii.  pi.  Ivi.  fig.  7. 
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exactly  the  proportioDs  which  might  be  expected  in  the  upper  mo- 
lars of  that  species ;  having  the  same  superior  transverse  diameter, 
as  compared  with  the  antero-posterior  diameter,  which  the  upper 
molars  of  all  herbivorous  and  most  other  mammals  present,  com- 
pared with  the  lower  ones.  (Compare  figs.  1  and  3  with  5  and  6.) 

The  Anoplotherian  character  of  the  tooth  is  shown  by  the  large 
size  of  the  lobe  j9,  fig.  1,  and  the  subgeneric  peculiarity  by  the  oou- 
tiuuation  of  its  dentinal  base  with  that  of  the  inner  and  anterior 
lobe  id,  at  the  early  stage  of  attrition  presented  by  the  crown  of  the 
tooth  in  question.  In  the  large  and  typical  Anoplotheria  the  lobe 
preserves  its  insular  form  and  uninterrupted  contour  of  enamel  until 
the  crown  is  more  worn  down.  In  this  respect,  as  in  the  modifica- 
tions of  the  lower  molar  teeth,  the  genus  Dichobune  shows  its  closer 
affinity  to  the  true  Ruminants ;  but  the  little  fold  of  enamel  dividing 
the  lobe  id  from  p  distinguishes  the  upper  molar  tooth  in  question 
from  that  of  any  Ruminant  From  the  genus  Moickus  (fig.  S)  it 
further  and  more  particularly  differs  in  the  equal  concavity  of  the 
outer  surface  of  the  outer  lobes  o,  o,  the  anterior  of  which  in  MoS' 
chits  is  traversed  by  a  strong  vertical  ridge  (fiff*  3,  o).  The  basal 
ridge  (r)  along  the  inner  side  of  the  crown  of  the  upper  molar  of 
Dichobune  distinguishes  it  from  those  of  Moschus  and  of  any  known 
Ruminant  of  corresponding  size.  For  the  better  elucidation  of 
these  distinctive  characters,  figures  of  the  homologous  teeth  of  Mbs- 
chus  moschiferus  (figs.  3,  4  &  6)  are  subjoined. 


4.  On  the  WecUden  Beds  of  Brora^  StUherlandshire,  with  Remarks 
on  the  JRelatiotis  of  the  Wealden  Strata  and  Stonesfield  Slate 
to  the  rest  of  the  Jurassic  System,  and  on  the  marine  contem- 
porary of  the  Wealden  Series  above  the  Portland  Stone*  By 
Alexander  Robertson,  Esq.,  F.G.S. 

[The  publication  of  this  paper  is  postponed  for  the  present.] 
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1.  On  the  Packing  cf  the  let  in  the  River  St,  Lawrence ;  the  OC" 
curretux  of  Landslips  in  the  Modem  Deposits  rfits  VcUley  ;  and 
the  existence  of  Marine  Shells  in  them  and  on  the  Mountain  of 
Montreal,     By  W.  E.  Logan,  Esq.,  F.CJ.S. 

[Read  Jane  15, 1842.] 

Thb  island  of  Montreal  stands  at  the  confluence  of  the  rivers  Ot- 
tawa and  St.  Lawrence,  and  is  the  largest  of  several  islands  splitting 
up  these  mighty  streams,  which  cannot  be  said  to  be  thoroughly 
mingled  until  they  have  descended  some  miles  below  the  whole 
cluster.  The  rivers  first  come  in  contact  in  a  considerable  sheet  of 
water  called  Lake  St.  Louis,  which  separates  the  upper  part  of  the 
island  of  Montreal  from  the  southern  main.  But  though  the  streams 
here  touch,  they  do  not  mingle.  The  waters  of  the  8t.  Lawrence, 
which  are  beautifully  clear  and  transparent,  keep  along  the  southern 
shore,  while  those  of  the  Ottawa,  of  a  darker  aspect,  though  by  no 
means  turbid,  wash  the  banks  of  the  island ;  and  the  contrast  of 
colour  they  present  strongly  marks  their  line  of  contact  for  many 
miles. 

Lake  St.  Louis  is  at  the  widest  part  about  six  miles  broad,  with 
a  length  of  twelve  miles.  It  gradually  narrows  towards  the  lower 
end,  and  the  river  as  it  issues  from  it  becoming  compressed  into  the 
space  of  half  a  mile,  rushes  with  great  violence  down  the  Rapids  of 
Lachine,  and,  although  the  stream  is  known  to  be  upwards  of  eight 
feet  deep,  it  is  thrown  into  huge  surges  of  nearly  as  many  feet  high 
as  it  passes  over  its  rocky  bottom,  which  at  this  spot  is  composed  of 
layers  of  trap  extending  into  floors  that  lie  in  succes^five  steps. 

At  the  termination  of  this  cascade  the  river  expands  to  a  breadth 
of  four  miles,  and  flows  gently  on,  until  it  again  becomes  cramped 
up  by  islands  and  shallows  opposite  the  city  of  Montreal.  From 
Windmill  Point  and  Point  St.  Charles  above  the  town,  several  ledges 
of  rock,  composed  of  trap  lying  in  floors,  which  in  seasons  of  low 
water  are  not  much  below  the  surface,  shoot  out  into  the  stream 
about  1000  yards;  and  similar  layera  pointing  to  these  come  out 


LOGAN  ON  THE  PACKING  OF  ICE  IN  THE  ST.  LAWRENCE.      423 

from  Longeuil  od  the  opposite  shore.  In  the  narrow  channel  be- 
tween them,  the  water,  rushing  with  much  force,  produces  the 
SauU  Narmandy  and  cooped  up  a  little  lower  down  by  the  island  of 
St.  Helen  and  several  projecting  patches  of  trap,  it  forms  St.  Mary's 
Current. 

The  interval  between  St.  Helen  and  the  south  shore  is  greater 
than  that  between  it  and  Montreal ;  but  the  former  is  so  floored  and 
crossed  by  hard  trap  rocks  that  the  St  Lawrence  has  as  yet  produced 
but  little  effect  in  wearing  them  down,  while  in  the  latter  it  has  cut 
out  a  channel  between  thirty  and  forty  feet  deep,  through  which  the 
chief  part  of  its  waters  rush  with  a  velocity  equal  to  six  miles  per 
hour.  It  is  computed  that  by  this  channel  alone  upwards  of  a  mil- 
lion of  tons  flow  past  the  town  everj'  minute. 

Between  this  point  and  Lake  St.  Peter,  about  fifty  miles  down, 
the  river  has  an  average  breadth  of  two  miles,  and  proceeding  in 
its  course  with  a  moderate  current,  accelerated  or  retarded  a  little 
according  to  the  presence  or  absence  of  shoals,  it  enters  the  lake  by 
a  multitude  of  channels  cut  through  its  delta,  and  forming  a  group 
of  low  flat  alluvial  islands. 

The  frosts  commence  about  the  end  of  November,  and  a  margin 
of  ice  of  some  strength  soon  forms  along  the  shores  of  the  river  and 
around  every  island  and  projecting  n)ck  in  it;  and  wherever  there 
is  still  water  it  is  immediately  cased  over.  The  wind,  acting  on  this 
glacial  fringe,  breaks  off  portions  in  various  parts,  and  these  pro- 
ceeding down  the  stream  constitute  a  moving  border  on  the  outside 
of  the  stationary  one,  which,  as  the  intensity  of  the  cold  increases,  is 
continually  augmented  by  the  adherence  of  the  ice-sheets  which 
have  been  coasting  alonv  it;  and  as  the  stationary  border  thus  robs 
the  moving  one,  this  still  further  outflanks  the  other,  until  in  some 
part  the  margins  from  the  opposite  shores  nearly  meeting,  the  float- 
ing ice  becomes  jammed  up  between  them,  and  a  night  of  severe 
frost  forms  a  bridge  across  the  river.  The  first  ice -bridge  below 
Montreal  is  usually  formed  at  the  entrance  of  the  river  into  Lake 
St.  Peter,  where  the  many  channels. into  which  the  stream  is  split 
up  greatly  assist  the  process. 

As  soon  as  this  winter  barrier  is  thrown  across  (generally  towards 
Christinas)  it  of  course  rapidly  increases  by  stopping  the  progress 
of  the  downward -floating  ice,  which  has  by  this  time  assumed  a 
character  of  considerable  grandeur,  nearly  the  whole  surface  of  the 
stream  being  covered  with  it;  and  the  quantity  is  so  great,  that  to 
account  for  the  supply,  many,  unsatisfied  with  the  supposition  of  a 
marginal  origin,  have  recourse  to  the  hypothesis  that  a  very  large 
portion  is  formed  on  and  derived  from  the  bottom  of  the  river,  where 
rapid  currents  exist.  But  whatever  its  origin,  it  now  moves  in  solid 
and  extensive  fields,  and  wherever  it  meets  with  an  obstacle  in  its 
course,  the  momentum  of  the  mass  breaks  up  the  striking  part  into 
huge  fi*agments  that  pile  over  one  another ;  or  if  the  obstacle  be 
stationary  ice,  the  fragments  are  driven  under  it  and  there  closely 
packed.  Beneath  the  constantly  widening  ice-barrier  mentioned, 
an  enormous  quantity  is  thus  driven,  particularly  when  the  barrier 
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gains  any  positioQ  where  the  current  is  stronger  than  usuaL  The 
augmented  force  with  which  the  masses  there  move,  pushes  and 
packs  so  much  below,  that  the  space  left  for  the  river  to  flow  io  is 
greatly  diminished,  and  the  consequence  is  a  perceptible  rise  of  the 
waters  above,  which  indeed  from  the  very  first  taking  of  the  bridge 
gradually  and  slowly  increase  for  a  considerable  way  up. 

There  is  no  place  on  the  St.  Lawrence  where  all  the  phasoomena  of 
the  taking,  packing  and  shoving  of  the  ice  are  so  grandly  displayed 
as  ill  the  neighbourhood  of  MontreaL  The  violence  of  the  curreDts 
is  here  so  great,  and  the  river  in  some  places  expands  to  such  a  width, 
that  whether  we  consider  the  prodigious  extent  of  the  masses  moTed, 
or  the  force  with  which  they  are  propelled,  nothing  can  afford  a 
more  majestic  spectacle,  or  impress  the  mind  more  tboroughlj  with 
a  sense  of  irresistible  power.  Standing  for  hours  together  upon  the 
bank  overlooking  St  Mary's  Current,  1  have  seen  league  after  league 
of  ice  crushed  and  broken  against  the  barrier  lower  down,  and  there 
submerged  and  crammed  beneath ;  and  when  we  reflect  that  an  ope- 
ration similar  to  this  occurs  in  several  parts  from  Lake  St.  Peter 
upwards,  it  will  not  surprise  us  that  the  river  should  gradually  swelL 
By  the  time  the  ice  has  become  stationary  at  the  foot  of  St.  Mary's 
Current,  the  waters  of  the  St.  Lawrence  have  usually  risen  several 
feet  in  the  harbour  of  Montreal,  and  as  the  space  through  which 
this  current  flows  affords  a  deep  and  narrow  passage  for  nearly  the 
whole  body  of  the  river,  it  may  well  be  imagined  that  when  the 
packing  here  begins  the  inundation  rapidly  increases.  The  confined 
nature  of  this  part  of  the  channel  affords  a  more  ready  resistance  to 
the  progress  of  the  ice,  while  the  violence  of  the  current  brings  such 
an  abundant  supply,  and  packs  it  with  so  much  force,  that  the  river, 
dammed  up  by  the  barrier,  which  in  many  places  reaches  to  the 
bottom,  attains  in  the  harbour  a  height  usually  twenty,  and  some- 
times twenty-six  feet  above  its  summer  level ;  and  it  is  not  uncom- 
mon between  this  point  and  the  foot  of  the  current  within  the 
distance  of  a  mile,  to  see  a  difference  in  elevation  of  several  feet, 
which  undergoes  many  rapid  changes,  the  waters  ebbing  or  flowing 
according  to  the  amount  of  impediment  they  meet  with  in  their 
progress  from  submerged  ice. 

It  is  at  this  period  that  the  grandest  movements  of  the  ice  occur. 
From  the  eflect  of  packing  and  piling  and  the  accumulation  of  the 
snows  of  the  season,  the  saturation  of  these  with  water,  and  the 
freezing  of  the  whole  into  a  solid  body,  it  attains  the  thickness  of 
ten  to  twenty  feet,  and  even  more ;  and  after  it  has  become  fixed  as 
far  as  the  eye  can  reach,  a  sudden  rise  in  the  water,  occasioned  no 
doubt  in  the  manner  mentioned,  lifting  up  a  wide  expanse  of  the 
whole  covering  of  the  river  so  high  as  to  free  and  start  it  from  the 
many  points  of  rest  and  resistance  offered  by  the  bottom,  where  It 
had  been  packed  deep  enough  to  touch  it,  the  vast  mass  is  set  in 
motion  by  the  whole  hydraulic  power  of  this  gigantic  stream.  Pro* 
ceeding  onward  with  a  truly  terrific  majesty,  it  piles  up  over  every 
obstacle  it  encounters;  and  when  forced  into  a  narrow  part  of  the 
channel,  the  lateral  pressure  it  there  exerts  drives  the  bordage  up  the 
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banks,  where  it  sometimes  accumulates  to  the  height  of  forty  or 
fifty  feet.  In  front  of  the  town  of  Montreal  there  has  lately  been 
built  a  magnificent  revetement  wall  of  cut  limestone  to  the  height 
of  twenty -three  feet  above  the  summer  level  of  the  river.  Thb  wall 
is  now  a  great  protection  against  the  effects  of  the  ice.  Broken  by 
it,  the  ice  piles  on  the  street  or  terrace  surmounting  it,  and  there 
stops ;  but  before  the  wall  was  built,  the  sloping  bank  guided  the 
moving  mass  up  to  those  of  gardens  and  houses  in  a  very  dangerous 
manner,  and  many  accidents  used  to  occur.  It  has  been  known  to 
pile  up  against  the  side  of  a  house  more  than  200  feet  from  the 
margin  of  the  river,  and  there  break  in  at  the  windows  of  the  second 
floor.  I  have  seen  it  mount  a  terrace  garden  twenty  feet  above  the 
bank,  and  crossing  the  garden  enter  one  of  the  principal  streets  of 
the  town.  A  few  years  before  the  erection  of  the  revetement  wall, 
a  friend  of  mine,  tempted  by  the  commercial  advantages  of  the  po* 
sition,  ventured  to  build  a  large  cut-stone  warehouse  180  feet  long 
and  four  or  five  stories  high,  closer  than  usual  upon  the  margin  of 
the  harbour.  The  ground-fioor  was  not  more  than  eight  feet  above 
the  summer  level  of  the  river.  At  the  taking  of  the  ice,  the  usual 
rise  of  the  water  of  course  inundated  the  lower  story,  and  the  whole 
building  becoming  surrounded  by  a  frozen  sheet,  a  general  expecta- 
tion was  entertained  that  it  would  be  prostrated  by  the  first  move- 
ment. But  the  proprietor  had  taken  a  very  simple  and  efiPectual 
precaution  to  prevent  this.  Just  before  the  rise  of  the  waters  he 
securely  laid  against  three  sides  of  the  building,  at  an  angle  of  less 
than  45%  a  number  of  stout  oak  logs  a  few  feet  asunder.  When 
the  movement  came  the  sheet  of  ice  was  broken  and  pushed  up  the 
wooden  inclined  plane  thus  formed,  at  the  top  of  which  meeting  the 
wall  of  the  building,  it  was  reflected  into  a  vertical  position,  and 
falling  back,  in  this  manner  such  an  enormous  rampart  of  ice  was 
in  a  few  minutes  placed  in  front  of  the  warehouse  as  completely 
shielded  it  from  all  possible  danger.  In  some  years  the  ice  has  piled 
up  nearly  as  high  as  the  roof  of  this  building.  Another  gentleman, 
encouraged  by  the  security  which  this  warehouse  apparently  enjoyed, 
erected  one  of  great  strength  and  equal  magnitude  on  the  next 
water  lot,  but  he  omitted  to  protect  it  in  the  same  way.  The  result 
might  have  been  anticipated.  A  movement  of  the  ice  occurring, 
the  great  sheet  struck  the  walls  at  right  angles,  and  pushed  over  the 
building  as  if  it  had  been  a  house  of  cards.  Both  positions  are  now 
secured  by  the  revetement  wall. 

Several  movements  of  the  grand  order  just  mentioned  occur  be- 
fore the  final  setting  of  the  ice,  and  each  is  immediately  preceded 
by  a  sudden  rise  of  the  river.  Sometimes  several  days  and  occa- 
sionally but  a  few  hours  will  intervene  between  them ;  and  it  is  for- 
tunate that  there  is  a  criterion  by  which  the  inhabitants  are  made 
aware  when  the  ice  may  be  considered  at  rest  for  the  season,  and 
when  it  has  therefore  become  safe  for  them  to  cut  their  winter  roads 
across  its  rough  and  pinnacled  surface.  This  is  never  the  ease  until 
a  longitudinal  opening  of  considerable  extent  appears  in  some  part 
of  St.  Mary  s  Current.     It  has  embarrassed  many  to  give  a  satisfac- 
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tory  reason  why  this  rule,  derived  from  the  experience  of  the  pea- 
santry, should  be  depended  on.  But  the  explanation  is  extremely 
simple.  The  opening  is  merely  an  indication  that  a  free  aul^lacial 
passage  has  been  made  for  itself  by  the  water,  through  the  com- 
bined influence  of  erosion  and  temperature,  the  effect  of  which, 
where  the  current  is  strongest,  has  been  suflicient  to  wear  through 
to  the  surface.  The  formation  of  this  passage  shows  the  cessation 
of  a  supply  of  submerged  ice,  and  a  consequent  security  against  any 
further  rise  of  the  river  to  loosen  its  covering  for  any  further  move- 
ment The  opening  is  thus  a  true  mark  of  safety.  It  lasts  the 
whole  winter,  never  freezing  over  even  when  the  temperature  of 
the  air  reaches  30°  below  zero  of  Fahrenheit;  and  from  its  firet 
appearance  the  waters  of  the  inundation  gradually  subside,  escaping 
through  the  channel  of  which  it  is  the  index.  The  waters  seldom 
or  never  however  fall  so  low  as  to  attain  their  summer  level ;  but 
the  subsidence  is  sufliciently  great  to  demonstrate  clearly  the  pro- 
digious extent  to  which  the  ice  has  been  packed,  and  to  show  that 
over  great  occasional  areas  it  has  reached  to  the  very  bottom  of  the 
river.  For  it  will  immediately  occur  to  every  one,  that  when  the 
mass  rests  on  the  bottom  its  height  will  not  be  diminished  by  the 
subsidence  of  the  water,  and  that  as  this  proceeds,  the  ice,  according 
to  the  thickness  which  it  has  in  various  parts  attained,  will  present 
various  elevations  after  it  has  found  a  resting-place  beneath,  until 
just  so  much  is  left  supported  by  the  stream  as  is  sufficient  to  permit 
its  free  escape.  When  the  subsidence  has  attained  its  maximum, 
the  trough  of  the  St.  Lawrence  therefore  exhibits  a  glacial  landscape, 
undulating  into  hills  and  valleys  that  run  in  various  directions,  and 
while  some  of  the  principal  mounds  stand  upon  a  base  of  500  yards 
in  length,  by  a  hundred  or  two  in  breadth,  they  present  a  height  of 
ten  to  fifteen  feet  above  the  level  of  those  parts  still  supported  on 
the  water. 

On  the  banks  of  the  St.  Lawrence,  in  the  neighbourhood  of 
Montreal,  there  is  an  immense  collection  of  boulders,  chiefly  from 
rocks  of  igneous  origin,  and  among  them  syenite  greatly  abounds. 
They  are  of  all  sizes,  but  many  are  very  large,  and  multitudes  must 
be  tons  in  weight.  From  their  appearance  above  the  surface  in 
shallow  parts  of  the  river  it  is  very  probable  the  bed  of  it  teems 
with  them  also ;  and  it  is  remarked  by  the  inhabitants  that  the  posi- 
tions of  these  boulders,  both  in  the  river  and  on  the  banks,  fre- 
?uently  appear  changed  after  the  removal  of  the  ice  in  the  spring, 
spent  several  days  in  the  autumn  of  last  year  examining  the 
boulders  along  shore,  all  the  way  from  Montreal  to  Lachine,  a 
distance  of  nine  miles ;  and  on  again  looking  at  them  in  the  spring 
I  missed  some  which  had  particularly  attracted  my  attention,  but  as 
I  had  not  mapped  their  positions  I  may  inadvertently  have  passed 
them  over.  But  when  we  consider  the  manner  in  which  the  ice  packs 
and  subsequently  moves,  it  cannot  fail  to  appear  a  very  probable 
agent  in  transporting  these  blocks.  Closely  jammed  together  down 
to  the  very  bottom  of  the  river  over  such  extensive  areas  as  have 
been  mentioned,  and  there  solidifled  by  severe  frosts  around  the 
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projecting  materials  that  present  themselves  to  its  grasp,  the  ice 
must  seize  a  multitude  of  the  loose  boulders  below ;  and  not  only 
will  these  be  carried  away,  occanionally  to  very  considerable  di- 
stances, when  it  breaks  up  in  the  spring,  but  firmly  set  in  their  gla- 
cial matrix,  they  will,  when  in  the  counie  of  the  movements  that 
occur,  such  masses  as  hold  them  are  forced  over  shallow  places,  act 
as  gravers  to  regbter  in  parallel  grooves  on  the  face  of  such  rocks 
as  they  encounter,  a  memento  of  their  progress  as  they  pass  along. 

The  boulders  in  the  middle  of  the  river  may  at  once  be  occasion- 
ally carried  to  considerable  distances ;  but  it  can  scarcely  be  so  with 
such  as  are  stationed  at  or  near  the  borders.  For  though  these  may 
become  packed  and  imbedded  in  marginal  ice,  and  by  the  force  of 
a  general  movement  or  shove,  as  it  is  termed  by  the  inhabitants,  be 
driven  obliquely  up  the  bank,  as  soon  as  this  ceases  they  will  there 
be  left ;  and  as  these  general  movements  occur  only  three  or  four 
times  during  a  season,  and  are  never  of  long  continuance,  and  even 
where  the  marginal  ice  is  driven  up  the  bank  the  friction  it  suffers 
soon  causes  succeeding  portions  to  pile  over  one  another,  it  is  evi- 
dent the  boulders  would  not  be  carried  by  it  to  any  very  great 
distance.  When  a  break-up  occurs  in  the  spring,  it  is  the  great  body 
of  ice  in  the  middle  of  the  river  that  is  carried  away,  which,  separa- 
ting from  the  grounded  portion  on  the  margin,  leaves  this  to  be  melted 
down  by  the  increasing  temperature  of  the  season.  The  movements 
of  succeeding  winters  may  push  marginal  boulders  farther  and  far- 
ther on,  but  they  must  at  the  same  time  have  a  tendency  to  carry  all 
within  a  certain  range  gradually  nearer  to  the  bank,  and  at  last  place 
them  in  a  position  at  the  very  limit  of  their  influence.  And  it  is 
certainly  the  case,  that  in  the  neighbourhood  of  Montreal  there  are 
in  many  places  along  the  borders  of  the  river  collections  of  boulders 
sufficiently  great  to  induce  the  supposition  that  their  presence  may 
be  accounted  for  in  this  manner. 

It  is  not  however  only  on  the  immediate  banks  of  the  St.  Law- 
rence that  boulders  abound.  They  are  more  or  less  spread  over  the 
whole  island  of  Montreal,  and  over  the  plains  on  the  opposite  side 
of  the  river.  I  do  not  pretend  to  have  ascertained  their  distribution 
with  the  precision  necessary  to  permit  the  expression  of  an  opinion 
as  to  the  causes  which  placed  them,  but  I  may  state  that  they  ap- 
peared to  me  more  abundant  in  the  upper  part  of  the  island  than  in 
the  lower,  and  that  proceeding  down  the  valley  of  the  St.  Lawrence 
they  ceased  altogether  not  many  miles  below  the  island  in  question : 
and  it  may  be  further  remarked,  that  they  did,  not  seem  of  less 
weight  at  the  limit  of  their  range  than  elsewhere. 

The  country  to  a  considerable  distance  on  both  banks  of  the  St. 
Lawrence,  from  Montreal  to  Lake  St.  Peter  and  even  to  Quebec,  is 
very  level,  and  it  is  in  general  covered  with  a  deep  and  highly  levi- 
gated deposit  of  argillaceous,  arenaceous  and  calcareous  matter,  the 
constituents  of  which  vary  in  their  proportions  in  different  localities. 
This  deposit  rests  upon  a  shallow  trough  of  black  shale  and  black 
and  grey  limestone,  the  fossils  of  which  are  palaeozoic,  and  resemble 
those  figured  as  belonging  to  the  Lower  Silurian  rocks  of  Britain. 
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This  trough  is  bouodeil  on  the  N.W.  side  by  a  range  6f  mofle- 
rately  elevated  granitic  and  syenitic  hills,  which  rise  up  without  tilt- 
ing or  much  disturbing  the  limestone,  and  follow  the  river  all  Qie 
way  to  Quebec ;  and  from  below  the  limestone  on  the  S.^  there 
crops  a  hard  quartzose  conglomerate,  succeeded  by  a  formation  oC 
pyritiferous  clay-slate,  with  a  cleavage  cutting  the  layers  of  depp^it 
in  a  N.E.  and  S.W.  direction,  which  is  that  of  their  general  strike. 
The  bounding  rocks  on  both  sides  of  the  trough  present  a  surface 
undulating  into  hill  and  dale,  and  those  on  the  S.E.  give  rise  to  a 
picturesque  countr}-,  very  much  resembling  some  of  the  slate  coun- 
ties of  Wales.  The  plains  between  them  covering  the  trough  cbh- 
stitute  the  valley  of  the  St.  Lawrence,  and  may  occupy  a  breadth,' 
of  forty  miles,  and  the  nature  of  the  material  of  which  they  are' 
composed  renders  it  impossible  to  conceive  a  region  more  fitted 
for  the  purpo!*es  of  agriculture. 

Between  Montreal  and  Lake  St.  Peter,  the  plains  on  the  south 
side  of  the  river  do  not  appear  to  attain  the  elevation  they  exhibit 
on  the  N.W.  Occasionally  so  low,  close  by  the  margin  of  the  stream 
on  both  sides,  as  to  allow  the  formation  of  marshes,  the  banks  in 
general  present  a  height  of  twenty  to  thirty  feet  above  tiie  level  of 
the  water;  but  on  the  N.W.  side,  and  ranging  with  the  river,  at  a 
distance  varying  from  one  to  six  miles  from  the  waters  edge,  there 
occurs  a  sudden  upward  step  in  the  land  of  about  100  feet,  forming 
an  elevated  terrace  between  this  point  and  the  granitic  countr}'  al- 
ready mentioned,  which  rises  up  in  another  step,  and  though  undu- 
iating  in  the  interior,  has  a  general  additionai  elevation  of  200  to 
SOO  feet 

Tlie  terrace  at  the  foot  of  the  granitic  step  has  a  very  even 
surface  over  a  great  area,  slightly  modified  in  a  few  places  by  the 
protrusion  of  the  underlying  limestone  through  the  soft  deposit  of 
which  it  is  composed.  It  is  chiefly,  however,  in  the  beds  of  the 
rivers  which  cross  the  plain  in  their  course  to  the  St.  Lawrence  that 
the  limestone  strata  are  visible ;  and  some  of  these  tributaries,  dash- 
ing down  the  side  of  the  granitic  step,  cut  at  once  into  the  terrace 
below,  very  nearly  to  the  level  of  the  main  stream,  and  winding 
through  the  deposit  in  question,  show  it  to  possess  considerable ' 
depth.  When  any  tributary  has  excavated  so  deep  a  passage,  the 
banks  are  occasionally  subject  to  landslips,  sometimes  of  a  very 
serious  character,  and  having  visited  the  scene  of  one  on  the  banks 
of  the  Maskinong^,  it  appears  to  me  worthy  of  particular  notice. 

The  waters  of  the  Maskinong6  take  their  rise  in  a  chain  of  moun-  ' 
tains  to  the  N.W.,  and  passing  through  a  series  of  small  lakes,  fall 
into  one  about  nine  miles  in  circumference  bearing  the  same  name* 
Issuing  thence  they  flow  through  about  twelve  miles  of  country  be- 
fore they  are  precipitated  in  a  beautiful  cascade  down  the  side  of 
the  granitic  step  on  to  the  plain  at  its  foot  Making  a  deep  section 
into  this,  they  wash  bare  the  outcrop  of  some  limestone  strata, 
which  exhibit  a  gentle  dip  of  3°  to  4^  southward;  and  from  thu 
point  to  the  mouth  of  the  tributary  at  the  head  of  Lake  Sl  Pct^. ' 
there  is  very  little  fall,  with  the  exception  of  a  spot  six  miles  beloW'' 
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the  cascade,  where  there  is  an  accumulation  of  large  boulders,  evi- 
dently derived  from  the  granite  further  up.  At  this  spot  a  mill- 
dam  across  the  stream  occasions  a  fall  of  about  fifteen  feet,  which 
with  a  very  small  addition  will  represent  the  whole  amount  of  de- 
scent in  the  river  from  the  granite  hills  to  the  lake  receiving  it,  a 
distance  of  twelve  miles. 

The  general  course  of  the  river  is  from  N.W.  to  S.E.,  with,  how- 
ever, a  few  meanderings.  Where  the  landslip  occurred,  about  nine 
miles  below  the  cascade,  the  stream  is  from  ten  to  twenty  yards 
wide.  Flowing  nearly  south,  it  suddenly  turns  to  the  west,  and 
running  in  that  direction  for  about  700  yards,  it  again  turns  direct 
south.  The  valley  in  which  it  winds  its  way  is  of  uniform  breadth, 
the  summit  of  the  banks  being  about  200  yards  apart.  The  banks, 
as  may  be  inferred  from  what  has  been  said,  are  about  120  feet 
high,  and  the  landslip  in  question  took  place  on  the  right  bank,  in 
the  middle  of  the  western  turn  mentioned. 

On  the  ^th  of  April  1840,  while  the  snows  of  winter  were  yet 
upon  the  ground,  about  eight  o'clock  in  the  morning,  the  inmates  of 
the  farm-houses  on  the  spot  were  alarmed  by  the  agitation  of  their 
wooden  dwellings,  and  looking  from  the  windows,  became  aware, 
from  changes  in  the  relative  positions  of  the  trees  in  the  neighbour- 
hood, that  the  ground  on  which  they  stood  was  in  motion.  They  of 
course  quitted  their  houses  with  precipitation  and  fied  in  great  ter- 
ror to  rouse  the  country  around,  and  the  confusion  and  dread  which 
the  event  occasioned  while  in  progress  disabled  the  population  from 
making  very  accurate  observations  of  the  phsenomena  with  which  it 
was  accompanied ;  but  from  an  examination  and  survey  of  the  spot 
after  it  had  happened,  and  such  accounts  as  I  could  collect,  it  would 
seem  that  a  mass  of  the  soft  deposit,  covering  the  solid  rocks*  about 
200  yards  wide  and  700  yards  long,  but  how  deep  is  uncertain, 
slipped  out  of  the  bank  endways  towards  the  river.  This  was  fol- 
lowed in  quick  succession,  at  intervals  of  a  few  minutes,  by  four 
others,  occupying  with  the  first  an  area  of  about  eighty-four  acres, 
of  an  irregular  form,  somewhat  resembling  the  section  of  a  long- 
necked  fiask,  the  whole  length  of  which  was  ISOO  yards,  and  the 
widest  part,  removed  a  considerable  way  back  from  the  river,  was 
600.  The  contents  of  this  huge  trough,  consisting  of  a  marly  clay, 
•lipped  out  at  the  long  narrow  spout  where  the  movement  began, 
crossed  the  river,  struck  the  opposite  bank,  and  splitting  into  two 
parts,  one-half  proceeded  up  the  stream  about  three  quarters  of  a 
mile,  the  other  an  equal  distance  down,  and  thus  completely  blocked 
up  the  valley  for  half  a  league.  The  whole  operation  was  com- 
pleted in  about  three  hours,  and  for  a  considerable  time  after  it  be- 
gan the  surface  of  great  patches  of  the  moving  mass  continued  un- 
broken. More  than  half  the  amount  was  covered  with  fine  sugai^ 
maple  trees,  and  these  for  the  most  part  travelled  in  an  erect  posi- 
tion on  the  surface  of  the  earthy  deluge  as  it  poured  both  ways 
through  the  valley ;  but  occasionally  a  tree  or  two  in  different  places 
would  be  prostrated,  and  a  few,  caught  below,  were  crushed  and  en- 
gulfed.   Two  farmsteads  were  carried  away,  and  though  the  people 
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escaped,  horses,  cows  and  sheep  were  not  so  fortuDate.  ThoM 
remaining  shut  up  in  the  stables  perished  with  them,  aa  the  hooaas 
one  after  another  were  crushed  and  sunk  in  various  placea.  Bat  of 
the  poultry,  two  hens,  and  also  a  cock  that  was  heard  to  crow  most 
lustily  as  the  mansion  in  which  he  was  cooped  up  sailed  along,  wen 
found  alive  after  the  event. 

The  masses  that  blocked  up  the  valley  travelled  with  a  height  of 
about  sixty  feet,  and  while  their  surface  was  slightly  culmioated,  the 
front  of  each  terminated  in  a  blunt  point  projecting  in  the  middle 
and  lower  |)art.  As  these  great  double-acting  ploughshare*  vera 
propelled  along,  they  turned  up  the  sofl  mud  from  the  bed  of  the 
river,  casting  it  on  the  bank  on  each  side ;  and  the  stench  whieb 
arose  during  tlie  operation,  caused  probably  by  the  disengagement 
of  sulphuretted  hydrogen  from  the  decaying  vegetables  displaced, 
was  so  utterly  intolerable,  that  no  one  could  approach  the  river  to 
within  KX)  yards.  Where  the  first  mass  struck  the  opposite  bank 
the  height  it  attained  was  seventy-five  feet,  and  from  this  the  cul- 
minating ridges  gradually  recurved  until  they  gained  a  position  in 
the  middle  of  the  valley,  gradually  lowering  also  until  they  reached 
the  height  of  sixty  feet,  as  above  mentioned. 

No  sooner  was  the  valley  thus  blocked  up  than  the  watera  above 
the  impediment  began  to  rise.  Houses,  logs  and  planks,  and  indeed 
everything  composed  of  wood,  were  set  afloat  for  nine  miles  up,  being 
as  far  as  the  granite  hills.  But  it  was  two  days  before  the  lake  thua 
formed  attained  a  sufficient  height  to  overtop  the  obstacle.  The 
water  first  found  an  escape  by  the  gully  between  the  original  bank 
on  the  left  and  the  slope  on  the  east  side  of  the  culminated  impeding 
inas!>,  making  a  slight  detour  where  favoured  by  a  depreasion  through 
a  wood  round  the  point  where  the  launch  first  struck  the  bank  in 
4juestion ;  and  its  eroi^ive  action  thus  put  into  operation  waa  aufficieni 
in  the  course  of  six  months  to  carry  away  nearly  the  whole  of  tht 
clay  lodged  in  the  valley.  The  quantity  must  have  been  aeTcnl 
millions  of  tons ;  and  in  the  month  of  October  so  much  had  b 
swept  into  Loike  St.  Peter,  that  the  Maskinonge  above  the  alip  ' 
then  not  more  than  ten  fi'ct  beyond  its  ordinary  depth. 

Though  the  surface  of  the  great  area  disturbed  remained  for  h 
time  unbroken  after  the  general  movement  began,  it  gradually  auak 
as  this  continued,  and  at  the  period  1  saw  the  place,  in  the  aubie* 
quent  autumn,  the  l>ottom  of  the  chasm  was  thirty  feet  below  Ibe 
level  of  the  surrounding  country,  while  about  400  yards  from  Ike 
river  there  wus  a  sudden  descent  of  fifteen  feet  more,  from  wbieb 
the  ground  sloped  gently  to  the  water's  edge.  There  was  then  veiy 
little  of  the  original  surface  to  be  seen.  Here  and  there  was  visiUa 
a  small  grass- covered  patch,  and  occasionally  there  might  be  seei^ 
still  entire,  twenty  or  thirty  yards  of  the  wooden  fence  used  in  lbs 
country  for  the  divisions  of  property.  But  nearly  the  whole  am 
exhibited  the  greatest  confusion,  being  thrown  up  into  a  multitude 
of  parallel  clay  hillocks,  from  three  to  four  feet  high.  No  doabl 
these  mounds  were  occasioned  by  the  pressure  of  mass  agaiauit  ma» 
in  the  direction  of  motion,  at  right  angles  to  which  would  be 
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greatest  diameter.  From  the  shape  of  the  moands,  it  appeared  that 
the  motion  of  the  landslip  must  have  been  down  the  middle  of  the 
chasm  towards  the  riirer,  and  from  the  sides  to  the  centre. 

A  circumstance  connected  with  the  form  of  the  area  affected  by 
the  slip  appears  singular.  The  ground  moved  constituted  part  of 
the  general  plain  of  the  neighbouring  country ;  but  on  all  sides  of 
it,  with  the  exception  of  the  northern  extremity,  there  was  a  depres- 
sion in  the  surface,  between  which  and  the  chasm  produced,  there 
remained  afler  the  slip  a  narrow  ridge  at  the  original  height,  form- 
ing a  bonnding  rim  to  the  cup  which  the  chasm  presented.  The 
depression  on  the  east  side  was  formed  by  the  slope  of  the  right  bank 
of  the  river  and  an  offset  or  bay  of  lower  land  than  the  general  plain 
of  the  country,  and  on  the  west  by  a  dingle  furnished  with  a  brook. 
The  rim  was  not  many  feet  wide  on  the  top,  but  its  parallelism  to 
the  depression  was  remarkable,  and  it  was  only  broken  through  in 
one  place  where  a  tributary  dingle  had  joined  the  one  on  the  west. 

It  would  not  be  very  difficult  to  prove  that  there  is  scarcely  any 
other  mode  of  satisfactorily  accounting  for  the  movement  of  this 
mass  of  land  than  its  pressure  on  an  inclined  surface,  assisted  by  the 
action  of  water  on  some  bed  below.  The  layers  of  the  deposit  itself 
appeared  all  perfectly  horizontal :  the  slip  therefore  could  not  have 
been  on  one  of  them.  But  the  dip  of  the  underlying  limestone, 
wherever  I  could  detect  its  appearance  for  miles  around,  was  pre- 
cisely in  the  direction  of  the  slip,  with  an  inclination  of  about  4^; 
and  although  none  of  it  was  visible  near  the  spot,  I  am  persuaded  it 
couki  not  be  very  deep  below  the  bottom  of  the  river.  It  is  highlr 
probable  that  the  surface  of  one  of  its  beds  presented  the  plain  which 
gave  occasion  to  the  launch.  Supposing  any  boulders  to  exist  at 
the  bottom  of  a  deposit  moved  in  the  manner  described,  it  is  easy 
to  ace  that  parallel  grooves  and  a  polish  on  surfaces  of  rock  may 
not  in  all  cases  be  attributable  to  the  agency  of  ice. 

The  age  of  the  deposit  constituting  the  extensive  plains  on  the 
banks  of  the  St.  Lawrence  is  a  question  of  great  interest.  Its  ma- 
rine origin  is  demonstrated  by  sixteen  species  of  fossil  shells  collected 
by  Captain  Bayfield  in  the  neighbourhood  of  Quebec,  and  described 
by  Mr.  Lyell  (Geol.  Trans,  vol.  vi.  scries  2),  who  appears  inclined 
to  consider  them  of  the  newer  pliocene  period,  though  he  does  not 
think  the  evidence  sufficient  to  remove  all  doubt  of  a  more  modem 
date.  Unable  to  add  anything  to  the  evidence  in  respect  to  age,  the 
discovery  in  the  neighbourhood  of  Montreal  of  four  of  the  species 
mentioned  by  Mr.  Lyell,  at  a  Ifigher  elevation  than  that  of  the  Que- 
bec fossils,  puts  it  in  my  power  to  extend  the  probable  range  of  the 
deposit  through  Canada,  and  widen  the  boundaries  of  the  ancient 
sea  of  which  it  was  the  bottom.  The  greatest  height  given  for  any 
of  the  Quebec  fossils  is  800  feet  above  the  Gulf  of  St.  Lawrence. 
But  those  of  Montreal  occur  on  the  neighbouring  mountain  at  an 
elevation  of  430  feet  by  barometrical  measurement  above  the  river 
in  the  city  harbour.  This,  as  near  as  I  have  been  able  to  ascertain, 
b  about  460  feet  above  the  Atlantic ;  and  as  the  locality  bears  very 
mach  the  character  of  a  raised  beach,  it  may  possibly  mark  the 

2f2 
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ancient  oceanic  sjiore,  and  indicate  the  limit  of  elevation  the  knd 
has  experienced  since  the  plains  of  Canada  were  raised  f^kh'  bcnealh 
the  waters.  This  elevation  is  240  feet  above  the'  lerd  of  Lake 
Ontario  and  seventy-five  feet  above  the  Falls  of  Niagara;  but  it 
falls  short  of  Lake  Erie  by  about  105  feet 

It  is  remarked  by  Mr.  Lvell  that  the  Quebec  shells  resemble  those 
of  Udde valla  in  Sweden.  Every  one  of  the  species  found  near  Mon- 
treal has,  I  understand,  a  representative  among  those  xibMrted'^y 
Mr.  Murchison  and  his  companions  in  their  late  Rudsiati'iiKrestm- 
tious  at  Ust  Vaga,  at  the  mouth  of  the  Vaga  on  the  Dwial^  tibSttt 
250  miles  from  the  White  Sea  and  ISO  feet  above  its  lerWl;     •  -  '   ' 

■    A       i'-\i 
List  of  Fossil  Shells  from  MontreaL         '  .  . .    ;  t. 

1 .  Saxicava  rugosa.  This  is  very  abundant  on  the  mouoiam  ow 
the  town,  to  the  north  of  the  road  to  the  C6te  de  Neiges.  The  lo- 
cality is  430  feet  above  the  St.  Lawrence,  and  the  fossils  lie  in  a'b<^ 
of  coarse  sand,  which  inclines  conformably  with  the  side  of  ijie  hill, 
and  has  above  it  a  layer  of  pebbles  and  small  boulders.  The  shep 
occurs  abo,  but  not  in  abundance,  above  the  village  of  St.  Hepry, 
on  the  road  to  Lachine.  Here  the  fossils  are  at  the  tojp  of  tte 
deposit  which  forms  an  elevated  terrace  along  the  bank  of  the  St 
Lawrence,  about  120  feet  above  the  river.  Another  locality  is  6b 
Logan's  farm  on  the  same  terrace. 

2.  Tellina  Groenlandica.  This  shell  is  in  great  abundance  at  the 
St.  Henry  locality.  It  occurs  in  smaller  quantity  on  Logah'*s  larm 
and  on  the  mountain. 

3.  Tellina  calcaria.  Only  one  valve  of  this  was  picked  up  in  the 
mountain  locality. 

4.  Mya  truncaicu  Several  hinges  of  this  were  foand  'at  IMT^ 
Henry  locality. 

5.  MytUus ?   Only  a  broken  piece  of  a  valve  was  found  on 

the  mountain. 
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Plate  XIX. 

1/  .     . . 

THE.r9«iark&lk^re  submitted  will  be  confined  chieBy  to  that  part  of 
the  Wa9tQm  Stii^es  pf  North  America  watered  by  the  rivers  Ohio, 
Waba9b»-  Illinois,  Hock,  Wisconsin,  Cumberland  and  Tennessee,  lying 
between.the  S5tii  and  4<3rddegi*ee  of  N.  latitude  and  the  81st  and  91st 
of  W.  longitude.  The  district  includes  the  states  of  Illinois,  Indiana, 
Ohio,  Kentucky,  Tennessee,  and  the  Du  Buque  and  Mineral  Point  di- 
stricts of  Iowa  and  Wisconsin.  This  territory  occupies  an  area  of  about 
half  a  million  of  square  miles,  but  its  geological  features  are  remark- 
ably uniform,  belonging,  with  a  few  partial  exceptions,  to  the  periods 
of  the  bituminous  coal  and  carboniferous  limestone  as  found  in  Eu- 
rope, and  the  Silurian  rocks  as  described  by  Sir  R.  Murchison ;  the 
(Exceptions  are  the  superficial  deposits  which  occasionally  cover  up 
these  from  view  over  considerable  tracts,  and  these  must  either  be 
referred  to  the  age  of  gigantic  mammalia  and  formations  of  a  much 
newer  date,  or  belong  to  a  marl  and  greensand  found  in  the  western 
district  of  Tennessee,  probably  a  portion  of  the  greensand  and  other 
members  of  the  cretaceous  group.  A  general  idea  of  the  geological 
formations  of  the  whole  tract  may  be  obtained  from  the  annexed 
ctiagram. 

Gknkkal  SicTioif  acroM  the  Wkstkkn  STATBSt 
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6.  Diluvium. 

4.  Marl  and  grecnaand,  probably  cretaceoua. 
8.  Bituminous  coal  fonnation. 

5.  Carboniferoua  limestone  of  Europe. 

1.  Probable  equivalenU  of  the  Silurian  rocks. 

I  now  proceed  to  supply  a  few  details  respecting  the  above  divi- 
sions (except  the  diluvium),  showing  the  lithological  character  of 
each,  together  with  its  thickness,  range,  extent  and  bearings,  its 
organic  remains,  geological  equivalents  and  mineral  contents. 

The  formations  west  of  the  Tennessee  river  occupy  but  a  small 
corner  of  the  tract  under  consideration,  and  may  be  dismissed  with 
a  few  brief  remarks,  and  the  more  so  since  I  have  had  but  limited 
opportunities  of  examining  them  in  person. 

*  An  abstract  of  this  paper  was  given  in  the  Proceedings  of  the  Geological 
Society,  vol.  iv.  p.  1.  The  greater  part  of  the  memoir  is  now  printed  from  the 
author's  MS.  and  accompanied  by  his  Map  (Plate  XIX.),  in  order  satisfactorily  to 
establish  tbe  claim  uf  Dr.  Owen  to  be  considered  the  original  discoverer  of  many 
important  points  in  the  geology  of  the  North-Westem  States  of  North  America. 
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The  upper  members  of  tliis  group  consist  of  an  argillaceous  UmhI 
of  a  light  grey  colour,  and  the  lower  of  a  greenish  sandy  marf,  vety 
dark-coloured  when  wet,  but  of  a  light  green-tinted  grey  when  dry. 
Its  thickness  has  not  yet  been  ascertained,  but  Dr.  Trooat,  mhis  Third 
Repert  to  the  Tennessee  Legislature,  states  that  it  has  been  exca- 
vated in  search  of  water  to  a  depth  of  eighty  feet  without  penetra* 
ting  through  it  In  no  instance,  I  believe,  has  either  the  greeofluid 
or  marl  been  discovered  east  of  the  Tennessee  river,  but  it  eziafB,  ac- 
cording to  Troost,  under  the  superficial  soil,  in  most  of  the  oouotiei 
west  of  that  river,  extending  probably  west  and  south  into  ih^  states 
of  Mississippi  and  Alabama.  On  the  west  side  of  the  Miasissippi 
river  this  formation  sweeps  off  in  a  west  course  across  the  northera 
tributaries  of  the  Arkansas  river*. 

Both  the  marl  and  grecnsand  are  rich  in  fossils.     The  moat  cha- 
racteristic and  most  common  shells  of  the  marl  are  species  of  &9- 
ffyra.   Ont;  of  these  is  a  large  species,  E.  costata  of  Say,  and  there  « 
another  from  near  Washington  in  Arkansas,  a  different  species,  but 
doubtless  from  the  same  formation.     Other  fossils  giving  character 
to  this  formation  are,  Ostrea  vesicularis,  Brongt.,  Chtrea  sandaHna, 
Goldf.,  Ostrea  resembling  O.fcdcata  of  Morton,  Grypfuea  cemsero, 
Say.     Exogyra  costata^  Ostrea  sandalina  and  GryjAtea  canvexa  are 
common  to  the  marl  and  greensand.  Besides  these,  there  occur  in  the 
latter  stratum,  Ostrea  acutirastrisy  Nils.,  Ostrea  flabeliufajljaaa^  Osirm 
lateralis  J  Nils.,  0«/rea  larva,  Lam.;  BiCrassatella;  a  Natica,  species  qb- 
determined;  Delphinula? ;  a  Bastellaria  with  long  spinous  processes, 
found  by  myself  in  M^^Nairy  county,  West  Tennessee,  and  described 
by  Troost  under  the  name  of/?,  macrodactyla ;  two  species  of  Denkn- 
Hum ;  a  Hamite  found  by  myself  in  the  greensand  in  M*Nairy  coualy 
and  described  by  Troost  as  H.  Verneuili;  Hamites  Leai^  TVoost; 
BaculUesj  species  undetermined.    No  minerals  have,  I  believe^  been 
observed  in  the  beds  of  marl  and  greensand ;  but  on  the  west  bank 
of  the  Tennessee  river  I  examined  an  arenaceous  depoMt,  which 
Troost  considered  as  immediately  overlying  these  strata;  and  it- con- 
tained, besides  exogenous  trees  converted  into  flint,  lignite,  pyrites 
and  retinasphalt 

Two  distinct  and  very  extensive  coal- formations  are  incloded  in 
the  territory  I  am  describing,  as  may  be  seen  by  reference  to  the 
mapf. 

That  on  the  west  is  the  Great  Illinois  Coal-field,  laid  down-aad 
defined  in  my  Report  on  Iowa,  Wisconsin  and  Northern  Illinois,  it 
equals  in  area  the  entire  island  of  Great  Britain,  extending  from 
S.E.  to  N.W.,  from  the  waters  of  Oil  Creek  and  Rome  on  the  Ohio 
river  to  the  mouth  of  Rock  river  on  the  Mississippi,  a  distance  of 
300  miles;  from  south  to  north,  from  the  waters  of  Green  River 
and  Tradcwater  in  Kentucky  to  the  waters  of  Little  Vermilion  in 

*  See  Map,  PI.  XIX.,  where  the  marl  is  inserted  on  Dr.  Troost*!  avftlnriftj. 

f  These  coal-fields  have  since  been  described  at  leosth,  and  with  reftroaot  la  Ai 
oth«r  American  deposits  of  the  same  kind,  by  Mr.  Lydl,  in  his  recent 
America. 
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ha,  Salle  county,  Illinois^  a  distance  of  325  miles ;  and  from  S*W. 
to  N.Eay  from  St  Louis  and  the  waters  of  the  west  branch  of 
Saline  river  in  Gallatin  county,  Illinoisi  to  the  furks  of  Fox  river 
and  Kankakee  river,  a  distance  of  250  miles.  This  gigantic  coal« 
field  occupies  the  greater  part  of  Illinois,  about  one-third  of  Indiana, 
a  uorth-westem  strip  of  Kentucky,  and  extends  a  short  distance  into 
Iowa.  Its  boundaries  have  been  satisfactorily  ascertained,  except  a 
small  segment  in  the  Burlington  district  of  Iowa,  which  I  have  not 
yet  personally  explored.  That  portion  of  the  outline  of  this  and 
other  formations  which  I  do  not  consider  fully  determined  is  dotted 
on  the  map.  The  coal-field  is  covered  in  many  places  in  the  north 
by  extensive  diluvi^Ldeposits,  sometimes  to  the  depth  of  more  than 
100  feet. 

The  other  coal-field  of  which  I  have  spoken  forms  a  part  of  at 
least  six  states,  viz.  Ohio,  Kentucky,  Tennessee,  Pennsylvania,  Ma- 
ryland and  Alabama ;  but  that  portion  of  it  embraced  in  the  three 
former  is  alone  represented  on  the  map,  stretching  along  its  eastern 
portion.  The  geologist  of  Ohio,  on  whose  authority  its  boundaries 
in  Ohio  and  Kentucky  are  there  given,  estimates  its  area  at  50,000 
square  miles.  The  eastern  confines  of  this  coal-field  in  Tennessee 
are  defined  on  the  map,  but  it  is  to  be  remarked,  that  further  north 
it  extends  to  the  eastward  beyond  the  limits  of  the  map,  and  also 
for  a  very  short  distance  south  of  Tennessee  into  Alabama.  Dr. 
Troost,  according  to  whom  its  boundaries  in  Tennessee  are  given, 
remarks,  in  his  Third  Annual  Report,  that  the  localities  in  which 
we  may  expect  to  find  coal  in  that  state,  belong  exclusively  to  the 
Cumberland  range  of  mountains.  These  coal-formations  consist,  as 
iu  Europe,  of  sandstones,  shales,  slaty  clays,  seams  of  coal,  and  oc- 
casionally beds  of  limestone,  the  latter  usually  dark*coloured  and 
bituminous. 

At  the  base  of  the  Ohio  formation  is  a  conglomerate  from  200  to 
300  feet  in  thickness,  which  has  been  referred  to  the  millstone  grit 
of  England.  A  similar  conglomerate  shows  itself  in  one  or  two  lo- 
calities at  the  base  of  the  Illinois  coal-field,  but  in  general  it  is  not 
present  as  a  conglomerate. 

The  thickness  of  these  coal-fields  is  estimated  at  from  1200  to 
2000  feet.  The  Ohio  geologists  report  at  least  seven  workable  seams 
of  coal,  besides  ten  or  twelve  minor  beds ;  and  the  Illinois  field  is 
supposed  to  include  also  seven  workable  seams.  All  the  coal  is  of 
a  bituminous  character;  some  of  the  caking  variety,  some  splint 
coal,  some  cannel.  The  upper  seams  appear  to  be  thinner  than  the 
lower,  and  inferior  to  them  in  quality.  In  some  of  the  upper  seams 
in  Indiana  I  have  observed  the  woody  structure  disphiyed  so  very 
distinctly,  that  I  succeeded  in  separating  its  fibres,  as  one  might  iu 
charcoal. 

Neither  of  these  coal-fields  has  suffered  much  from  dislocation. 
No  dikes  of  trap,  whinstone,  basalt  or  greenstone  have  met  my  ob- 
servation in  the  Illinois  coal-basin ;  nor  do  the  Ohio  geologists  make 
mention  of  any  such  in  their  state.  On  the  eastern  flank,  however, 
of  the  Cumberland  mountainsi  the  coal  is  occasionally  much  dis- 
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turb^,  and  is  even  thrown  up  nearly  vertica%v  but  iher 
generally  dip  at  gentle  angles  towards  the  oentre  of  tfte 
basini.     The  dip»  by  observation,  at  Zanesvilleb  Okio^  is  £.S 
the  rate  of  thirty -five  to  forty  feet  per  mile. 

With  the  exception  of  i^light  shades  of  specific  diffiereoce^  tluera  k 
a  striking  analogy  between  the  fossil  flora  of  our  western  eoal-fieUi 
and  that  of  the  equivalent  strata  in  Europe.  The  organic  tewaiin 
are  chiefly  of  vegetable  origin ;  and  in  the  sandstooeBi  akales  .kdA 
slaty  clays,  almost  exclusively  so.  They  consist  of  C^iamiies,  veiy 
abundant;  numerous  species  of  SphetiojHeris^  P^copieru^  ^NmiBr^ 
pieris  and  SigUlaria,  Specimens  of  Lepidodeudrcn  and  Siig^maM 
are  abundant,  and  beautifully  preserved.  8oiY|f|.  species  of  JBotkf$^ 
dendron  also  occur.  Palms  are  not  uncommon,  and  some  reaiaiM 
of  Coniferat  (?)  have  been  found.  I  have  also  obtained  Kmarfcable 
specimens  of  the  stumps  of  fossil  trees  (probably  palms),  fottpd 
standing  erect  with  the  roots  attached,  imbedded  in  slaty  clay  abooi 
twelve  miles  east  of  New  Harmony ;  and  slender  leaves  have  been: 
found  in  great  abundance  in  the  near  vicinity  of  the  stuDips  iro* 
bediled  in  the  clay.  On  the  whole,  it  appears  that  the  resemblance^ 
both  in  lithological  character  and  organic  remains,  between  o«r 
western  coal-fields  and  those  of  Europe,  is  close  and  striking.  If 
not  precisely  contemporaneous,  they  may  still  be  considered  eqiii* 
valent. 

Important  beds  of  argillaceous  iron  ore  have  been  discovered  both 
in  the  Ohio  and  Illinois  coal-fields,  but  few  furnaces  are  yet  in  ope- 
ration. Tlic  ore  of  these  coal-fields  must  however  ultimately  prove 
an  important  source  of  income  to  our  States.  300  feet  above  the 
conglomerate  a  valuable  bed  of  burr-stone  exists,  from  two  to  bis. 
feet  thick.  It  is  reported  as  being  equal,  at  some  of  tbe  quarries 
where  it  is  wrought,  to  the  French  burr-stone. 

The  most  productive  brines  discovered  in  the  Western  States  have: i 
been  procured  by  boring  through  the  lower  members  of  our  ceal*'' 
measures.  This  is  the  position  of  the  salt-wells  on  the  Muskinguan 
in  Ohio,  on  the  Kenawlia  and  Guyandot  in  Virginia,  on  8andy  river 
and  the  headwaters  of  the  Licking  and  Kentucky  rivers  in  iKe^r. 
tucky,  on  the  waters  of  the  Patoka  and  Coal  Creek  in  Indiana,  and  I 
on  Saline  and  Vermilion  rivers  in  Illinois.  -   •   ^.■^^ 

Immediately  beneath  the  coal -formations  of  Indiana,  Illinoiss  Ken* 
tucky  and  Tennessee,  are  limestones,  mostly  of  a  light  grey  ooloiiiv 
and  of  a  compact  texture,  including  occasionally  layers  and  noduiea 
of  chert  Some  of  these  limestones  assume  the  appearance  of  UilMl-> 
graphic  limestones.  The  upper  beds  very  frequently  have  a  beau- 
tiful oolitic  structure*.  The  thickness  of  this  calcareous  gnrap 
varies  at  different  localities,  being  thickest  towards  the  south  and 
thinning  out  towards  the  north.  On  the  northern  margin  of  Uie 
Illinois  coal-field  it  is  so  thin  and  so  hidden  from  view  by  superfioial  ' 
deposits  that  it  is  difficult  to  detect  it;  but  on  the  southem,  eeoth- 

*  Dr.  TnxMt  noticed  on  tbe  Manuocc  river  in  Missouri,  the  oolitic  paHicto  «f 
eqidnleat  beds  entirely  changed  into  silex,  fbrming  a  siliceoiia  oplite.  ,-,:•(. 
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western  and  south-eastem  termiDations  of  this  basin  itis  welT-de- 
Yeloped>  being  from  "900  to  300  feet  in  thickness.  On  th^  western 
slope  of  the  Cmnberland  mountains  in  Tennessee,  Dr.  Tfbbst  found 
it  generally  about  200  feet  thick. 

Id  Ohio  these  limestones  do  not  appear  to  exist,  at  least  they  have 
not  yet  been  -detected,  and  the  conglomerate  before-mentioned  oc- 
cupies their  place.  The  most  extensive  caves  and  subterraneous 
passages  in  this  country  are  in  these  limestones :  the  *  Mammoth 
Cave  *  in  Kentucky,  which  has  been  penetrated  to  the  distance  of 
six  miles,  is  situated  in  the  upper  beds  of  this  limestone.  Lost  River 
in Draitge'  county,  Indiana,  disappears  from  the  surface  for  many 
miles,  and  flows  through  subterraneous  passages  in  the  same  rocks, 
and  so  also  do  several  streams  in  Kentucky  in  the  vicinity  of  the 
Mammoth  Cave. 

The  upper  beds  of  the  rocks  under  consideration  are  characterized 
by  two  very  remarkable  fossils,  the  Peiitremite  and  the  Archimedes. 
Four  species,  at  least,  of  Pentremites  have  been  observed  in  the 
oolitic  beds:  P.  piriformis?*.  Say;  P.  globosa.  Say;  P.floriaUs^ 
Say ;  and  P.  ovaiis,  Goldf.  From  the  abundance  of  these  fossils, 
I  have  been  accustomed  to  designate  this  group  of  rocks  by  the 
name  of  Pentremital  limestones.  The  Archimedes  fy  Lesueur,  oc- 
curs in  a  bed  of  limestone  of  a  reddish-yellow  cast,  the  uppermost 
bed  of  the  series,  and  the  one  on  which  the  lowest  members  of  the 
coal-measures  rest.  The  same  stratum  often  contains  Pentremites. 
The  oolitic  stratum  lies  immediately  beneath.  No  workable  seam 
of  coal  has  hitherto  been  found  beneath  the  beds  containing  these 
fossils :  they  become  therefore  a  trustworthy  guide  in  determining 
the  limits  of  our  coal-formations. 

Stylina  Peroniy  Lesueur,  and  another  species  of  Stylina  are  also 
characteristic  of  these  rocks.  Syringopora  (ramtdasa  ?),  Goldf.,  is 
not  uncommon  in  Tennessee  and  Missouri.  I  have  also  obtained  a 
fossil  from  Terry  county,  Indiana,  having  the  general  aspect  of  a 
Tril6bite,  yet  not  divided  into  three  lobes.  Beiierophon  hitdcus  is 
considered  by  Dr.  Troost  as  a  characteristic  fossil,  and  near  Eddyville 
in  Kentucky  he  found  specimens  between  five  and  six  inches  in  length. 
There  is  also  a  coralline  different  from  any  I  have  seen  described  in 
Goldfuss  or  elsewhere,  having  large  and  distinct  cells  of  a  truncated 
cup-shape,  and  disposed  in  alternating  lines.  I  have  named  it  CJ/o- 
thipora  lawensis:  it  was  obtained  in  a  rock  in  Iowa,  probably  a 
member  of  this  group. 

It  has  been  asserted  that  no  Trilobites  occur  in  these  limestones ; 

*  This  Pentremite  differs  a  little  from  the  drawing  of  P.  pyrifinrmif  which 
I  have  seen ;  it  is  more  aneular  or  pointed  where  the  interscapula  joins  the  am. 
bulacrum,  and  the  stris  of  the  ambulacrum  run  slanting  from  above  downwaxds, 
from  the  central  furrow  towards  the  interscapuls,  instead  of  from  below  up- 


t  I  am  not  sure  that  Lesueur  ever  published  his  description  of  this  fMsil,  but  I 
know  that  while  he  resided  here  (at  New  Harmony)  he  engraved  a  plate  contain- 
ing several  views  of  it  with  tha^  intention.  He  considers  it,  I  believe,  a  new 
genus,  but  it  may  be  only  a  new  speciei  of  Metipcra ;  if  to,  it  would  be  most  aptly 
entitled  Meiepora  Jt^hnedet.' 


iS8  PROCBBDIVOS  OV  THE  OSOLOOICAL  BOCUTY*  - 

bat  I  have  found  (besides  the  one  above  alluded  to)  aeveni  i&divi- 
duaU  of  a  small  species  of  Calymene.  Produdm  and  Tenbraiulm 
are  abundant  in  these  rocks.  It  appears  therefore  from  this  Mm- 
parison  of  the  fo5siU,  that  these  limestones  are  the  equivaleot  of  tbs 
carboniferous  limestone  of  Europe. 

At  the  junction  of  the  coal-measures  and  these  limeaioiiea  oeear 
valuable  deposits  of  iron  ore.  In  many  localities  in  Indiana  I  hatt 
discovered  extensive  deposits  of  hyd  rated  brown  oxide  of  iron  in  tim 
geological  position ;  and  Dr.  Hildreth  describesi  in  the  j^merifaa 
Journal  of  Science  for  October  1835,  a  **  Great  FerruguKNia  Depo- 
sit" bordering  south-westerly  and  northerly  on  the  main  ftnaliwr 
sures  of  Ohio. 

Some  of  the  best  building-stones  in  Indiana  are  from  quarries  ia 
these  limestones.  Most  of  the  beds  afford  lime  almoaC  aa  wlute  as 
magnesia,  forming  a  striking  contrast  to  tliat  made  from  Umesteoes 
of  the  coal-measures,  which  is  usually  of  a  dark  brown  colour* 

In  the  southern  part  of  Illinois,  thirty  or  forty  miles  weat  of  Shaw* 
neetown,  these  limestones  are  traversed  by  small  veins  of  galens, 
associated  with  fiuate  of  lime  and  sulphate  of  barytes*  This  lead 
ore  has  been  explored  to  some  extent,  but  the  quantity  hitherto  ob- 
tained has  not  proved  sufficient  to  render  mining  in  this  vioioity 
profitable.  Many  have  been  induced  to  work  this  lead  ore,  on  the 
supposition  that  it  contains  a  large  per-centage  of  silver,  but  the  spe* 
cimens  that  I  have  been  able  to  obtain  and  analyse  have  not  yielded 
more  than  one  per  cent  of  that  metaL  By  far  the  finest  apecimens 
of  fluor  spar  in  these  Western  States  have  also  been  obtained  in  this 
locality ;  some  of  it  crystallized  in  cubes,  the  prevailing  form,  and 
some  of  it  compact.  On  a  branch  of  Grand  Pierre  Creek  I  notieed 
a  vein  of  compact  fluor  spar  eighteen  inches  thick,  running  aoKMs 
the  bed  of  that  stream  in  a  north-easterly  course. 

On  the  west  slope  of  the  Cumberland  mountains  the  geologial  of 
Tennessee  discovered  in  the  bed  of  a  small  stream  (Calf-killer  Cieek) 
a  specimen  of  sulphuret  of  silver  penetrated  by  crystalliaed  fluAte  c^ 
lime ;  and  another  person  obtained,  near  the  same  spot,  a  anaU  ft^g- 
ment  of  sulphuret  of  silver  in  combination  with  sulphuret  of  leadL 

Dr.  Troost  does  not  decide  where  these  ores  have  originated^  not 
having  noticed  metallic  veins  in  rocks  of  this  vicinity,  l^ut  aa  the 
above  stream  flows  over  limestones  belonging  to  the  group  uoder 
consideration,  and  since  these  are  traversed  in  Illinois,  aa  we  hava 
seen,  by  veins  of  galena  and  fluor  spar,  I  conclude  that  these  niiiie* 
nls  may  have  originated  in  this  limestone  formation.  I  beiiove  no 
rocks  of  a  similar  nature  and  age  have  been  observed  in  the  At- 
lantic States. 

The  rocks  which  succeed  to  the  Pentremital  limestonea  are  tboie 
coloured  yellow  on  the  map.  Their  lithological  character  b  uauaJly 
that  of  grey  or  yellow  and  brown  sandstone ;  soft,  fine-grained  and 
ailiceona;  sometimes  argillaceous  and  free  from  mica.  Theee  aaad- 
etones  jpass,  on  the  one  hand,  into  chert  and  homstone,  and  on  the 
oUier,  into  a  rock  possessing  the  appearance  of  tripoli.  Intentnd- 
fied  with  these  argillo-siliccous  deposits  are  beds  of  " 
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dom  however  extending  uDiDtemiptedly  over  any  considerable  area* 
Some  of  these  are  occasionally  oolitic,  and  the  lower  part  of  the 
series  is  more  argillaceous  than  the  upper,  passing  in  some  places 
into  a  slaty  clay«  The  range,  extent  and  bearings  of  the  rocks  in 
question  may  be  seen  by  reference  to  the  map,  and  their  position 
beneath  the  Pentremital  limestones  is  shown  on  the  section.  To  the 
N.W.  this  rock  runs  oat,  at  least  I  was  not  able  to  detect  it  in  Iowa 
and  Wisconsin.  To  the  east  and  south  it  is  chiefly  developed,  being 
150  to  900  and  even  400  feet  thick. 

As  a  whole,  this  group  is  not  rich  in  organic  remains.  Crinoideat 
Corals  and  Products^  are  the  most  conmion.  One  species  of  Pro' 
ducta  occurs  in  the  upper  beds,  and  others  some  50  or  100  feet 
lower  in  the  series.  The  Gorgonia  is  a  fossil  very  characteristic  of 
the  middle  beds,  and  a  large  Delthyris  belongs  to  them.  Remains 
of  Dicotyledonous  plants  have  also  been  found  in  them. 

In  Tennessee  Dr.  Troost  has  found  in  this  group  of  rocks  Got" 
gonia  aniiqvaj  Goldf^  a  Pinna  (species  undetermined),  a  Terebra^ 
hUa  (species  undetermined),  and  hexagonal  plates  of  Echinu  A 
Leptmna  occurs  about  100  feet  above  the  base  of  this  group. 

The  interstratified  limestones  in  Tennessee  are  often  rich  in  Cri- 
noidea,  and  in  comminuted  remains  of  Gorffonia^  Reiqwroy  Cerio' 
para  and  Etchara.  So  few  and  ill-defined  are  the  fossils  of  this 
group,  where  I  have  had  an  opportunity  of  studying  them  with  at- 
tention and  making  collections,  that  it  becomes  difficult  for  me  to 
pronounce  with  confidence  on  its  European  equivalents.  From  the 
occurrence  of  several  species  of  Producta  in  the  upper  100  feet»  and 
their  absence  in  the  lower  beds,  it  is  not  improbable  that  they  ought 
to  be  designated  as  two  distinct  groups.  Mr.  J.  Hall  of  New  York 
has  referred  the  upper  100  feet  to  the  Old  Ued  or  Devonian  system, 
but  no  satisfactory  evidence  has  been  brought  in  proof  of  this  re- 
ference. No  vestiges  of  Hohptychius  or  CephaloipiSf  or  other  fossil 
fish,  have,  to  my  knowledge,  been  found  in  it 

In  the  absence  of  such  palseontological  evidence,  and  on  account 
of  its  resemblance  in  lithological  character  to  the  underlying  strata, 
and  the  almost  imperceptible  blending  of  the  adjacent  strata,  I  hare 
not  for  the  present  thought  it  advisable  to  separate  them.  The 
middle  and  lower  beds  of  this  group  are  probably  the  equivalents 
of  the  Upper  Ludlow  rocks  of  Murchison's  *  Silurian  System.' 

The  Portage,  Chemung  and  Ithica  sandstones  of  the  state  of  New 
York  have  been  referred  to  this  group,  and  the  colossal  deposits  of 
hydrated  brown  oxide  of  iron,  so  extensively  wrought  in  Tennessee, 
are  associated  with  the  same  rocks.  In  Tennessee  this  series  usually 
rests  on  Eiierinital  limestone  (the  uppermost  bed  of  the  succeeding 
group).  It  is  above  this  limestone,  and  amongst  the  overiying  sili- 
ceous deposits,  which  usually  then  assume  the  nature  of  chert,  that 
the  above-mentioned  iron  ore  has  been  discovered  imbedded  in  a 
tenacious  clay.  The  same  order  of  things  exists  in  Jefferson  county, 
Kentucky,  and  in  the  base  of  the  Knobs  of  Floyd  county,  Indiana, 
where  beds  of  conglomerate  iron  ore  occur  in  slaty  clay.  Small 
quantities  of  gypsum  have  been  found  in  nests,  id  fine  greenish- 
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grey  sandstones,  about  150  or  200  feet  from  tlie  base  of  this  fok 
mation. 

Borings  have  been  made  in  these  rocks,  both  in  Indiana  )Eind  Ohio, 
in  search  of  salt  water,  and  brines  have  been  procured,  but  ihey  life 
weak,  and  have  not  been  able  to  compete  with  thos6  situated  fn  (U 
coal-measures. 

Proceeding  in  the  descending  order,  we  now  arrive  «C  the  bitii- 
minous,  aluminous  slialc  and  associated  limestones.  ThiB  group'eofr- 
sbts  chiefly  of  a  dark-coloured,  schistose,  argiHaceoos  deposit^  dos^)^ 
resembling  the  shale  of  the  coal-measures,  though  somewhat  mote 
compact.  Beneath  it  in  Indiana  and  Kentucky  are  subordlmrie  beds 
of  limestone  a  few  feet  in  tliickness.  The  lowest  of  th^se,  as  it^ap- 
pears  in  the  bed  of  the  Louisville  canal,  is  argillaceous,  tod  afibras 
a  valuable  water-  cement.  Above  it,  in  Floyd  county,  Indiana,  are 
about  two  feet  of  a  green  ferruginous  limestone,  of  faigb  spccil^ 
gravity.  In  the  same  position,  in  many  places  in  Tennessee,  we  ifaid 
a  limestone,  which,  from  its  being  often  remarkably  rich  in  Criiioidea, 
has  been  descriiied  by  Troost  under  the  name  of  Encrinital  limestone. 
The  range  and  extent  of  this  group  are  shown  on  the  map,  and  its  geo- 
logical position  is  indicated  in  the  diagram.  It  crops  out  at  the  base 
of  the  conical-shaped  range  of  hills  known  in  Indiana  and  Kentucky 
as  the  **  Knobs."  In  the  base  of  the  hills  of  the  iron  region  of  Mid- 
dle Tennessee,  it  is  seen  both  on  the  northern  and  on  the  southern 
declivity. 

To  the  east,  in  Ohio,  the  thickness  of  the  bituminonst  shale  b 
greatest,  and  amounts  to  from  250  to  SOO  feet*.  In  Indiana  it  is 
upwards  of  100  feet.  To  the  south  the  bed  becomes  thinner,  iti 
Tennessee  seldom  exceeding  twenty  or  thirty  feet,  and  in  some  loca- 
lities is  not  more  than  eight  or  nine  feetf-  Occasionally  in  Tennes^ 
this  shale  is  replaced  by  indurated  slaty  clay.  To  the  west  it  tims 
out,  and  in  Iowa  no  vestige  of  it  could  be  discovered. 

At  no  locality,  either  in  Indiana,  Illinois,  Kentucky  or  Tennessee, 
have  I  ever  been  able  to  discover  any  organic  remains  in  the  sliafe, 
except  some  slight  impressions  apparently  of  seeds  or  seed-vesseU. 
Neither  have  the  geologists  of  Ohio  there  discovered  in  this  depoiiit 
any  well-defined  fossils.  Where  the  shale  is  replaced  by  indunted 
clay  in  Tennessee,  Dr.  Troost  says  he  has  found  Encrinites  and  Co- 
rals, and  also  Orbulites  lentiailata,  Lam.,  and  Favosites  spongitesl. 
The  Encrinital  limestone  over  the  shale  in  Tennessee  is  rich  in  fbs- 
sils,  oflen  a  mass  of  agglutinated  Crinoidea.  Troost  enumerates 
fifteen  distinct  species.  Associated  with  these  are  Spirifer  euspi' 
datusCt)j  S.  attenuatusy  and  several  species  of  Gorgonioy  Flusira 
and  Turhinolia. 

The  most  characteristic  fossils  of  the  water-limestone  are  Ahypa 
pHscOj  Orthis  hmata  vel  orbicularis^  Lept^gna  lata  (?),  Terdnra  si- 
nuosOj  Teniaetilites  (new  species?),  Avicula  reiiculata  (?),  Cafymau 
hufoy  Asapkus  micrurusy  and  several  other  species  undetermiMd; 

*  Seii  Beport  of  Ohio  Geologista  for  18^8,  p.  105. 
f  See  Troott's  Fifth  Annual  Beport,  op.  16  and  17. 
t  /Utf.  p.  17. 
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Edcharoy  species  usdetermined ;  GoniatUeSy  and  one  or  two  other 
species ;  also  some  undetermined  species  of  Detiliyris. 

In  the  eight  feet  of  limestone  situated  between  the  water-limestone 
and  shale.  Dr.  Clapp  informs  me  he  has  found  Airypa prisea^  several 
Crinoidea*  FavosiUs  Gothiandica  (?),  and  a  small  peculiar  variety  of 
Favasites  polymorpha.  Dr.  Clapp,  residing  at  the  Falb  of  the  Ohio, 
and  having  had  an  excellent  opportunity  of  studying  these  and  the 
adjacent  rocks  in  detail,  considers  the  water-limestone  as  the  equi- 
valent of  the  Lower  Ludlow  rocks  of  Murchison,  and  also  of  the 
Helderberg  group  (not  the  Onondaga  salt  group)  of  the  New  York 
geologists. 

The  shale  must  probably  be  referred  also  to  the  Lower  Ludlow, 
and  the  New  York  equivalent  is  the  Marcellus  shale.  The  Encri- 
liital  limestones  of  Tennessee  and  the  green  ferruginous  rock  of 
Indiana  may  correspond  with  the  Aymestry  limestone,  but  of  this 
I  am  not  certain. 

The  shale  sometimes  contains  small  veins  of  solid  bitumen  and 
imperfect  seams  of  coal,  but  no  coal  of  any  value  has  ever  been 
discovered  associated  with  it.  Pyrites  is  a  very  common  mineral  in 
these  strata.  Calcareous  nodules  also  abound  in  the  shale  in  many 
localities,  often  assuming  the  form  of  Septaria,  which  have  been 
mistaken  for  fossil  turtles. 

Next  in  order  we  reach  a  highly  interesting  group  of  rocks.  It 
consists  almost  wholly  of  compact  limestones,  lying  in  thick  beds 
without  any  interstratified  marls  or  shale,  and,  for  this  reason,  fre- 
quently forming  cliffs  and  falls.  This  bed  passes  on  the  Tennessee 
river,  and  at  some  localities  in  Ohio,  into  marly  or  easily  disintegra- 
ting argillaceous  limestones.  Where  it  assumes  this  character  in 
Tennessee,  it  forms  a  series  of  low  and  sterile  hills,  known  by  the 
name  of  ^'glades."  These  glades  or  bald  knobs,  rising  from  the 
midst  of  the  dense  forest,  have  a  remarkable  appearance. 

Siliceous  layers  and  nodules  of  chert  and  homstone  are  conunon 
in  this  formation,  and  are  often  disposed  in  beds  alternating  with 
the  limestone,  much  in  the  same  manner  as  flints  in  chalk.  ITie 
upper  beds  occasionally  become,  over  a  limited  area,  entirely  sili- 
ceous. Where  the  surface  has  suffered  from  denudation,  such  spots, 
more  durable  than  the  surrounding  material,  rise  in  the  form  of  ir- 
regular and  truncated  cones  above  the  general  face  of  the  country, 
and  obtain,  as  being  the  most  conspicuous  ol^ects  in  the  north- 
western landscape,  the  name  of  "  Mounds.'*  The  area  of  this  for- 
mation is  very  extensive,  as  may  be  seen  by  reference  to  the  map. 
It  should  be  remarked,  however,  that  near  I^e  Erie  and  Lake  Mi- 
chigan it  is  covered  for  a  considerable  tract  with  extensive  diluvial 
deposits,  so  that  it  seldom  emerges  to  the  surface. 

This  rock  is  best  developed  towards  the  N.W.  In  the  Du  Buque 
and  Mineral  Point  districts  of  Iowa  and  Wisconsm  it  is  the  prevail- 
ing formation,  and  becomes  a  true  magnesian  limestone  upwards  of 
500  feet  in  thickness.  An  extract  from  my  Report  made  in  1840 
to  the  General  Government  will  show  how  closely  this  magnesian 
limestone,  as  it  appears  in  that  region,  resembles,  both  in  lithological 
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character,  mineral  contentg,  and  even  proximity  to  the  coal-niea- 
sures,  the  "  Scar  limestone  "  of  Kns^Iand ;  and  how  readily,  were  it 
not  for  the  guide  furnished  by  organic  remains,  it  might  be  misCi&eo 
for  its  equivalent. 

The  thickness  of  these  limestone  beds  is  rarious :  in  the  south- 
ern ]>art  of  Ohio  it  iis  seldom  more  than  80  or  100  feet;  in  thfe 
southern  part  of  Indiana  it  is  from  150  to  ^200  feet;  while  in  Iowa 
and  Wisconsin,  us  we  have  seen,  it  is  upwards  of  500  feet.  It  at- 
tenuates towanis  the  south  ;  so  thin,  indeed,  and  altered  in  its  ap- 
pearance is  this  rocic  in  Middle  Tennessee,  that  were  it  not  for  the 
test  furnishrd  by  organic  remain^,  it  would  \ye  difficult  to  recognne 
it  at  all.  Dr.  Tronst  has  included  this  and  the  succeeding  group  in 
one;  but  the  difference  in  iiihological  character  and  mineral  con- 
tents where  they  arc  well-develo|>ed,  fully  warrants  a  separation. 

Though  not  unifonnly  rich  in  organic  remains,  many  of  the  beds 
of  the  proiip  in  question  are  highly  fossiliferous.  The  OiUenipora 
esckaroides  is  very  abundant  in  its  upper  beds  in  Iowa,  and  so  are 
Pentnmerus  huspodus  and  P.  Motigus  (?)*. 

Next  in  importance  and  cliaracter  are  Aulopora  tubi^brmi*(?)ff 
Goldf.,  Sarcinuia  orffanym,  Ijim,,  Favosites  Goihlandica  (?),  Goldf., 
F.  basaUicft,  Goldf.,  F.  spomjites,  CJoldf.,  F.Jihrosay  Goidh,  F.pt^ 
niorj}hn,  (voldf.,  besides  some  undetermined  species,  perhaps  new; — 
Sf/rinffopora  verticiliafn,  (yoldf.,  CifathophyUum  vermictUare  (?), 
Goldfn  C.tuMnatum,  Goldf.,  Sfromhodes  astroides^  noh\^  LnmmJUm 
dndt/lioides^  nobis,  Astrea,  LingtUa,  OrthoceratiteSy  ConiHtety  Dei' 
phinula  (?). 

Many  beautiful  and  characteristic  fossils  of  this  group  have  been 
found  at  the  Falls  of  the  Ohio  near  Louis\nUe,  where  some  of  its 
members  form  the  bed  of  the  stream.  In  the  uppermost  strstnin, 
the  one  on  which  the  water- limestone  of  the  previous  group  resti 
((h^signated  by  Dr.  Clapp  as  the  ^*  shell-stratum  "),  have  been  fonnd 
Stropko/nena  eugfypha,  Cardium  aheformiSy  Atrypa  pri$ca  (the 
same  species  as  occurs  in  the  superincumbent  water- limestonie);  a 
Ddlhyris  with  a  very  wide  cardinal  area;  D.gregarioj  Clapp,  very 
abundant  and  characteristic,  besides  several  other  species ;  Beikrv* 
pkoH  (species  undetennined);  a  Penlremite,  very  different  in  fontt 
from  any  of  the  species  found  in  the  Pentremital  limestone ;  Ftn^' 
sites  hemispharica^  Troost ;  (rorgoniuy  I^eiejwra  t,  and  FemeMeUa  (?)• 
The  stratum  in  which  these  fossils  occur  is,  according  to  Clapp^  six- 
teen feet  thick. 

Beneath  it,  in  the  '  Coralline  strata '  of  Clapp,  whose  thtekoesi 
is  twenty  feet,  the  foviis  are  mostly  corals:  viz.  five  or  six  species 
of  Favosiies,  C^kophyUum  gigas,  Clapp  (some  individuals  two  feet 

*  The  foasili  of  this  group  are  more  apt  than  those  of  any  other  to  oocnr  in  the 
form  of  casts. 

t  Tlie  difference  I  can  perceive  between  this  and  the  Aubporm  fiiln/jw  wis  ii| 
that  tlie  terminal  orifice  in  the  Iowa  fossil  is  obscurely  &tar-i»hapod,  while  thai  si 
the  above  coralline  is  not. 

X  This  Reftpora  resembles  the  R.  /htettrala,  bnt  is  very  much  larger  and  tts 
pores  are  more  namerous.    I  have  named  it  Bttrpwa  huUmauU, 
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\oxkg)f  C  vermietUare,  and  other  undetermined  4pBci96i  Stwnakh 
pora  and  Syrinffopora;  shells  are  rare  in  this  atratum  rand  several 
Trilobitesy  including  CaU^nume  bufo  and  two  or  three  undetermined 
species  of  Calymene  and  Asaphus. 

These  coraUiue  strata  rest  on  the  'Catenipora  strata*  ofCkpp, 
characterized  by  Catenipara  esch«roides,  and  many  of  the  other 
Iowa  fossils  already  enumerated ;  also  Ccdi/mene  senarias  Conrad. 

Tlie^e  rooks  are  best  seen  at  Utica  and  Charleston  landing,  Clarke 
county,  Indiana,  the  upper  part  only  being  visible  on  the  Falls. 

In  the  lower  100  feet  of  this  group  in  Indiana  there  are  not  many 
fossils ;  the  only  one  worthy  of  note  is  a  coralline  resembling  a 
Favosites,  but  having  star*shaped  cells ;  it  is  known  by  the  name 
of  Astrxta  favotites. 

The  above  list  of  organic  remains  supplies  proof  hardly  contest- 
able, that  the  rocks  in  which  they  occur  are  the  equivalents  of  the 
*'  Wenlock  formation  "  of  Murchison,  some  of  the  Eifel  rocks  in 
Gernumy,  those  of  Drummond  Island,  Lake  Huron,  and  the  Lode- 
port,  Niagara,  and  perhaps  some  of  the  Helderberg  limestones  of 
the  state  of  New  York. 

The  rich  and  important  lead-mines  of  Iowa  and  Wisconsin  occur 
in  the  lower  300  feet  of  the  group  I  am  now  describing ;  they  have 
yielded  more  lead  than  any  other  formation  in  the  United  States, 
and  may  be  considered  hardly  second  in  productive  capability  to  the 
lead  regions  of  northern  England.  (See  Report,  a$Ue  cii.  p.  S7.) 

The  lead  ore  is  remarkably  free  from  adhering  rock  or  spar,  and 
b  chiefly  a  very  pure  sulphuret ;  but  the  compact  carbonate  b  nol 
uncommon,  and  accompanying  them  are  both  sulphuret  and  car- 
bonate of  sine  in  great  abundance,  and  a  very  rich  hydrated  di-oarw 
booate  and  sulphuret  of  copper,  yielding  by  analysis  from  tMrenty- 
five  to  forty  per  cent,  of  pure  co(^>er. 

The  principal  vein-stone  of  these  minea  is  caloareous  spar»  while 
at  a  few  localities  sulphate  of  barytes  also  occurs.  The  ore  occurs 
in  fissures  traversing  the  rock  from  east  to  west,  rarely  (jrom  nortli 
to  south. 

The  most  characteristic  fossil  of  the  true  lead-bearing  strata  is 
the  CasnfMpora.  The  species  from  Iowa  previously  enumerated  lie 
about  200  feet  above  the  richest  lead  veins. 

Hydrated  brown  oxide  of  iron  is  abundant  in  some  localities  in 
the  upper  100  feet  of  the  Iowa  formation. 

Some  of  the  beds  of  magnesian  limestones  of  Iowa  will  yield  one 
of  the  most  durable  building-stones  in  the  West :  they  are  objec- 
tionable only  on  account  of  their  hardnects;  but  this  is  in  a  mea- 
sure compensated  by  the  great  regularity  of  the  blocks  as  they 
come  out  of  the  ouarry. 

Next  in  order  follow  the  thin  beds  of  shell  limestone,  alternating 
with  nuu-l  and  marbtone :  these  are  the  lowest  rocks  visit>le  west 
of  the  Cumberiand  naountaias  aad  south  of  the  Mekoqueta  river  in 
Iowa. 

Thb  shell  limestone  b  «siiaUy  of  diflferent  shades  of  bluish  grey; 
it  rings  when  struck  with  a  luunmer,  its  fracture  is  oonehoidal^  aM 
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iU  Structure  is  sometimes  granular,  but  ol^ner  of  a  •ubciTBtalliie 
aspect  It  occurs  in  layers  from  half  an  inch  to  two  feet  taiek,  in- 
terposed between  beds  of  marl  more  or  less  indurated,  the  relatife 
proportion  of  rock  and  marl  varying  considerably  at  diflferait  lo- 
calities. 

The  thickness  of  this  group  is  greatest  about  the  centre  of  the 
Ohio  valley,  where  it  is  estimated  at  1000  feet  In  the  N.W^  at 
Prairie  du  Chien,  it  is  but  100  feet,  and  near  the  Blue  Moands  in 
Wisconsin  only  a  few  feet  in  thickness. 

By  referring  to  the  map,  it  will  be  obser\'ed  that  two  principal 
anticlinal  axes  bring  this  formation  to  view  in  the  valley  of  the 
Ohio. 

Cincinnati  in  the  state  of  Ohio  may  be  considered  the  centre  of  one 
of  these  axes,  and  Nashville,  in  Tennessee,  of  the  other. 

Visible  (according  to  Troost)  in  some  places  in  the  Sequachee 
valley,  between  two  spurs  of  the  Cumberland  Mountains,  in  Ten- 
nessee, it  appears  again  at  the  base  of  the  Caney  Fork  ridge,  west 
of  this  range,  and  occupies  the  surface  in  Davidson  county,  Toi- 
nessi^e.  Passing  thence  beneath  superior  rocks  on  the  west  aide  of 
the  Cumberland  river,  it  reappears  in  a  N.E.  direction  in  Fayette 
county,  Kentucky,  where  it  again  occupies  the  surface  for  i^ot 
100  miles  in  a  northern  course,  and  is  once  more  lost  beneath  over- 
lying rocks  near  the  national  road  both  in  Ohio  and  Indiana,  not 
showing  itself  again  on  the  surface  for  SOO  miles.  At  Eagle  Point, 
a  few  miles  above  Du  Buque,  on  the  Upper  Mississippi,  is  the  lo- 
cality where  it  first  emerges  above  the  waters  of  that  stream. 

The  superficial  area  occupied  by  the  blue  fossiliferous  limestones 
and  marls,  at  their  principal  outcrop,  is  about  10,(XX)  square  miles. 

Strata  of  limestone,  supposed  by  Dr.  Troost  to  be  the  lowest 
members  of  the  group  in  question,  are  seen,  in  some  places,  even 
east  of  the  Cumberland  range,  resting  unconformably  on  the  up- 
turned edges  of  the  inferior  stratified  rocks  of  the  valley  of  East 
Tennessee.  But  though  this  group  emerges  to  the  surface  only 
over  a  limited  area,  there  is  every  reason  to  believe  that  it  is  co- 
extensive with  the  whole  mass  of  superincumbent  strata,  for  where- 
ever  the  streams  have  cut  sufficiently  deep,  or  an  axis  of  elevation 
has  been  sufficiently  powerful,  some  members  of  the  blue  foaatli- 
ferous  limestone  come  to  light 

No  rock  can  be  more  fossiliferous  than  this  shell  limcatone: 
whole  slabs  of  it  may  frequently  be  seen  covered  with  fossil  ahellt 
and  corallines  so  closely  set,  that  one  cannot  place  the  end  of  the 
little  finger  on  a  spot  without  touching  some  of  these  organic  re- 
mains. It  has  yielde<l  to  the  paloeontologist  more  prolific  subjects 
for  contemplation  and  research  than  any  other  group  of  western 
rocks,  and  has  enriched  our  cabinets  with  numerous  interesting 
specimens  of  the  marine  inhabitants  of  our  globe  at  almost  the  esr* 
liest  period  to  which  animal  remains  have  been  traced. 

Some  of  the  most  remarkable  and  abundant  of  these  are  the  /<o- 
telus  gigas  and  Triarthrus  BechU  which  have  been  found,  I  believe, 
in  the  lower  seventy-five  or  eighty  feet  of  this  group,  sixty  feet  of 
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which  are  below  high  water  of  the  Ohio  river  at  Cincinnati.  The 
rest  occur  in  the  upper  beds  in  the  hills  about  Cincinnati  and  its 
vicinity. 

One  of  the  most  remarkable  fossils  found  in  this  formation  in 
Iowa  is  a  muitilocular  shell  four  feet  in  length,  now  in  my  collec- 
tion, supposed  to  belong  to  the  genus  Actinoceras  of  Bronn. 

It  would  exceed  the  limits  of  this  paper  to  enumerate  all  the  or- 
ganic remains  which  have  been  found  in  the  blue  limestones  and 
marls ;  but  in  addition  to  those  already  adverted  to,  the  following 
must  not  be  omitted,  since  they  may  be  considered  peculiar,  and 
give  character  to  this  group:  (Jotwtubularia  Cuvieri,  C.  Gol^tusi^ 
Troost,  C  Brongniarti,  Troost;  BeUerophon  (acutus?)y  B.  Nash- 
villetisisy  Troost;  Maclurites  magjia,  Lesueur,  and  another  species 
of  Maclurites  * ;  Turbo  bicarinatus,  Troost,  Isotelus planus,  Cyatho' 
phyllum  ceratites(?);  &  I^avosites,  species  undetermined;  Litigtda 
Leiaisi,  Orthis  exceniricum,  O.  aliernata  (?),  O,  alatus,  Sowerby. 

There  is  one  circumstance  connected  with  the  palaeontology  of 
these  rocks  that  deserve:)  particular  note ;  it  is  the  occurrence  in 
them  of  fossils  belonging  to  the  geims  Asterias.  The  Asterias  an- 
tiqua  was  found  by  Troost  in  the  limestones  of  Middle  Tennessee 
(members  of  this  group),  an  account  of  which  was  published  in  the 
Transactions  of  the  Geological  Society  of  Pennsylvania  for  1835, 
vol.  ii.  p.  232. 

Besides  this  individual,  Troost  found  five  other  species  belonging 
to  the  same  genu^,  all  in  rocks  below  the  coal-measures.  I  have  a 
fossil,  somewhat  imperfect,  which  appears  to  belong  to  the  family, 
though  I  am  not  certain  of  its  exact  geological  position,  for  I  did 
not  find  it  in  situ.  I  have  little  doubt  however,  from  the  locality 
in  which  it  was  found,  that  it  belongs  to  rocks  below  the  coal- 
measures  ;  so  that  it  appears  that  this  family  existed  before  the  de- 
position of  our  coal-measures  and  during  the  formation  of  the  oldest 
rocks  of  the  valley  of  the  Ohio,  forming  a  remarkable  exception  to 
observations  hitherto  made  on  European  rocks,  where,  I  believe,  no 
fossils  of  the  kind  have  been  found  in  strata  older  than  the  Muschel- 
kalkf. 

These  fundamental  rocks  of  the  Ohio  valley  I  consider  the  equi- 
valents of  the  Lower  Silurian  rocks  of  Murchison,  the  lower  beds, 
for  a  thickness  of  from  75  to  100  feet,  corresponding  probably  with 
the  Llandeilo  flags,  and  the  rest  with  the  Caradoc  sandstone ;  while 
the  corresponding  formations  of  New  York  appear  to  be  the  Trenton 
limestones  and  shale,  representing  the  former  or  older  series,  and  the 
Salmon  river  and  Pulaski  sandstones  and  shale  the  latter. 

The  blue  fossiliferous  limestone  is  but  little  metalliferous.     The 

*  I  am  not  certain  that  this  species  occurs  in  the  blue  limestone ;  the  genus 
Maclurite*  is  found  also,  and  more  abundantly,  in  the  upper  beds  of  the  inferior 
stratified  rocks  beneath  this  group,  and  is  considered  one  of  the  most  ancient 
shells  of  our  formations,  since  few,  if  any,  fossils  occur  beneath  the  strata  con- 
taining it.     The  Maclurites  is  not  muitilocular. 

t  [Since  the  period  when  this  paper  was  written,  true  starfishes  of  various 
kinds  have  been  found  in  paleozoic  rocks  even  so  low  down  as  the  Silurian  se- 
ries.— Ed.] 

VOU  II.— 'PART  I.  2  u 
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rich  veins  of  galena  which  traverse  the  thick  bedn  of  superiucua- 
bont  inagDesian  liniestoiies  seem  to  shrink  to  insignificance  wbei 
they  reach  tiie  thin  layers  of  sliell  limestone,  and  they  have  sot 
hitherto,  either  in  Iowa,  Kentucky  or  Tennessee,  beeo  ooosidered 
worth  oxpiorinjr. 

Ill  Dearborn  county,  Indiana,  I  notici'd,  in  this  formation^  faj- 
drated  brown  oxitlc  of  iron  in  consiih'rablir  masses;  almost  the  onlj 
instance  that  came  under  my  vyv,  and  how  e\ten>ive  1  bad  not  op- 
portunity to  ascertain. 

Dr.  TroD^t  infurms  us  that  iie  observed  in  these  rocks,  in  the 
vicinity  of  Xa^liviUe,  veins  of  compact  and  crystallized  sulphate  of 
barytes,  a  beautiful  blue  sulphate  of  struntian,  together  with  sulphate 
of  lime. 

Some  of  tiie  beds  aHonl  a  marble  of  considerable  beauty,  pre- 
nentint;  sections  and  markin<rs  of  organic  remains. 

Where  these  limestones  and  marls  prevail,  the  soil  is  rich  aad 
prodnotive.  furnishing  luxuriant  pastures.  The  beautiful  farnis  of 
Bourbon  aiui  Fayette  counties,  Kentucky,  spoken  of  as  the  "Garden 
of  the  West,"  are  based  on  this  formation. 

No  inierior  rocks  are  visible  in  a  X.W.  direction  until  the  vi- 
cinity of  the  Wisconsin  r^vei  ;  there  the  blue  fossiliferous  limestone 
is  found  resting  conformably  (m  a  sandstone,  sometimes  of  a  deep 
red  and  sometimes  of  a  white  colour,  and  resembling  loaf-sugar.  Be- 
neath this  succeeds  a  magnosian  limestone  so  like  the  lead-bearing 
rock,  both  in  external  appearance  and  chemical  composition,  as  not 
to  be  distinguishable  in  hand  si>ecimens*;  it  alternates  with  and 
rests  on  sandstones  similar  to  those  above  it. 

The  po«iition  of  these  rocks,  in  connexion  with  the  previously  dt- 
scribed  strata,  is  exhibited  on  the  northern  part  of  the  map. 

As  I  have  never  found  any  fossils  in  these  sandstones,  and  only  a 
few  imperfect  cnsts  of  shells  in  the  magnesian  limestone,  I  am  not 
at  present  i>repared  to  assign  to  them  their  proper  place  in  the  geo- 
logical series. 

To  the  S.E.,  beyond  the  Cumberland  mountains,  the  blue  lime- 
stone rests  une(informably  on  the  inferior  >tratilied  rocks  of  East 
Tennessee.  These  latter  rocks  dij)  south-easterly  at  a  very  high 
angle,  in  some  places  aluiost  vertically,  but  their  dip  is  towards,  in- 
stead of  away  from,  the  granitic  rocks.  It  is  possibly  the  case  that, 
since  they  show  themselves  in  the  Sequachee  valley  between  the 
spurs  of  the  Cund>erland  mountains,  these  rocks  may  have  suffered 
dislocation  somewhere  in  the  vicinity  of  that  range  of  mountains 
previously  to  the  deposition  of  the  su))erincumbent  strata ;  but  no 
hypogene  rocks  have  yet  been  discovered  in  that  vicinity.  That  dis- 
turbances however  have  taken  place  on  the  eastern  side  of  that  range, 
of  date  subsequent  to  the  deposition  of  the  coal,  is  certain  ;  for  the 

♦  It  differs  however  from  this  rock  in  several  particulars  \i lien  cxaniiDcdii 
fitu  ;  it  is  almost  destitute  of  fo^!»il^:  its  lower  lueinbers  have  soiuetimes  agreeii- 
ish  tint,  and  the  imbedded  sdieeouh  nia>srs  are  more  rugged  and  quartzose.  Betu- 
liful  cr\'stalli/cd  s|)ecimeiis  of  rose-coloured  (jwart/.  are  of  freijneiit  ncciurenceiii 
its  l)eds,  and  chert  of  an  oolitic  structure  i>  aNo  abundant. 
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coal  18  found  there  twisted  and  contorted  in  a  strange  manner,  al^ 
though  in  the  body  of  the  mountain  it  is  nearly  horizontaL 

Even  high  up  on  the  flanks  of  the  Alleghanies,  near  the  Unaka 
mountain,  the  metamorphie  rocks  are  seen  preserving  the  same  dip 
as  the  iiiierior  strata  of  East  Teunessec ;  that  is,  inclining  towards  the 
granitic  rocks,  with  their  elevated  edges  cropping  out  towards  the 
Cuuiborland  range. 

I  am  not  aware  that  any  fossils  have  been  found  in  the  inclined 
strata  of  East  Tennessee,  except  shells  belonging  to  the  genus  Ma- 
duritesi  and  these  are  in  a  blackish  grey  limestone,  one  of  its  upper 
beds.  The  age  of  these  rocks  is  a  matter  therefore  which  still  de- 
mands investigation. 

Such  are  the  geological  formations  of  the  beautiful  valley  of  the 
Ohio,  projected  by  nature  on  a  scale  of  grandeur  commensurate 
with  the  vast  territory,  the  mighty  vegetation,  the  majestic  rivers, 
the  gigantic  forests,  and  the  wide  expanse  of  trackless  prairie  that 
characterise  this  magnificent  region  of  the  West. 

I  regret  that  in  this  remote  and  secluded  spot,  cut  off  from  access 
to  public  libraries  and  cabinets,  and  unable  at  all  times  to  keep  up 
with  the  current  researches  and  discoveries  of  the  day,  I  should  not 
have  been  better  able  to  do  justice  to  such  a  subject. 
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ANNUAL  GENERAL  MEETING,  FEB.  20,  1846. 
REPORT  OF  THE  COUNCIL. 

The  Ck)uncil  have  the  satisfaction  of  again  calling  the  attention  of 
the  Members  of  the  Geological  Society  to  the  prosperous  state  of 
its  affairs,  as  shown  by  the  increasing  number  of  its  Fellows.  At 
the  close  of  1844  the  numbers  had  been  reduced  by  unusual  mor- 
tality from  883  to  875  ;  in  the  course  of  the  past  year  the  number 
of  new  admissions  has  greatly  exceeded  that  of  deaths  and  resigna- 
tions. During  that  period  27  new  Fellows  have  been  elected,  and  5 
who  had  been  elected  in  the  preceding  year  have  paid  their  entrance 
fees,  making  a  total  increase  of  82.  On  the  other  hand,  there  have 
been  13  deaths,  4  resignations  and  2  defaulters  removed,  leaving  an 
increase  of  ordinary  Fellows  of  13.  They  have  at  the  same  time  to 
announce  the  death  of  2  Foreign  Members  and  of  3  Honorary 
Members,  and  the  election  of  1  Foreign  Member,  thus  causing  a 
further  reduction  of  4,  and  reducing  the  total  increase  to  9. 

This  number  however  must  be  further  diminished  by  1  in  conse- 
quence of  the  name  of  a  distinguished  transatlantic  geologist  being 
inserted  twice ;  Prof.  H.  D.  Rogers  having  been  elected  a  Foreign 
Member  when  his  name  was  already  on  Uie  list  as  a  non-resident 
Fellow.  Thus  at  the  close  of  1845  the  real  increase  of  the  Society 
was  8,  and  the  total  number  of  Fellows  was  again  raised  to  883 
from  875. 

The  Council  have  further  the  satisfaction  of  stating  that  the  ex- 
cess of  income  over  expenditure  during  the  year  1845  amounted  to 
the  sum  of  40/.  I6s. 

At  the  close  of  1845  the  number  of  living  compounders  was  123, 
and  the  amount  received  from  them  in  lieu  of  annual  contributions 
was  3874/.  lOf.  During  the  past  year  8  newly-elected  Fellows  have 
compounded,  7  of  whose  compositions  have  been  already  invested, 
in  accordance  with  the  now-established  practice  of  the  Society,  and 
added  to  its  funded  property,  which  thus  received  an  increase  of 
220/.  lOf. ;  but  in  conseaueace  of  the  great  fall  in  the  price  of  Con- 
■ols,  from  par  (at  the  close  of  1844)  to  94  (at  the  dose  of  last 
year),  the  estimated  value  of  the  funded  property  was  only  increased 
from  2896/.  Us.  Sd.  (the  amount  stated  last  year)  to  2961/1  Ss.  6d. 

In  consequence  of  Mr.  Woodward,  the  Sub-Curator  of  the  Mu- 
seum, having  received  the  appointment  of  Professor  of  Natural 
History  at  the  Agricultural  College  of  Cirencester,  he  resigned  hi^ 
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office  in  this  Society  during  the  course  of  last  year.  The  CouDcO, 
in  considering  the  arrangements  to  be  made  in  filling  up  Mr.  Wood- 
ward's i)lace,  and  the  necessity  of  obtaining  the  services  of  an  efli- 
cient  officer,  resolved  tliat  a  diffijrent  distribution  of  the  duties  of 
the  Vice-Secretary  was  desirable. 

At  the  same  time  other  changes  were  required  in  the  manner  in 
which  the  Journal  was  to  be  conducted,  in  consequence  of  which 
the  Council  resolved  that  the  Vice- Secretory  should  be  relieved 
from  all  supeVintendencc  of  the  Library  and  Museum,  and  that  his 
duties  at  tlie  Society  should  t>e  confined,  at  a  reduced  salary,  to  the 
care  of  all  papers  connnunicated  to  the  Society,  and  to  editing  the 
Transactions  and  Journal. 

The  Council  have  the  satisfaction  of  stating  that  they  have  secured 
the  services  of  Mr.  J.  De  C.  Sowerby  as  Curator  and  Librarian. 
Mr.  Sowerby's  attainments  and  skill  in  fossil  conchology  are  too 
well  known  to  require  any  remarks  on  this  occasion ;  the  appoint- 
meut  was  subsequently  confirmed  by  the  Genera]  Meeting,  to  whoiD« 
in  conformity  with  the  bye-laws,  it  was  submitted ;  and  the  Council 
look  forward  to  seeing  the  Museum  and  Collections  shortly  rendered, 
through  his  labours,  more  available  to  the  Fellows  of  the  Society. 

It  was  stated  in  the  Annual  Report  of  last  year  that  an  agreement 
had  been  made  with  Messrs.  Longman  and  Co.  for  the  regular  pub- 
lication of  the  Quarterly  Journal  of  the  Geological  Society.  This 
agreement  was  made  for  one  year,  renewable  at  the  expiration  of 
that  perio<l.  At  the  end  of  the  year  however  Messrs.  Longman  and 
Co.  gave  notice  that  they  declined  to  continue  the  arrangement  any 
longer,  or  to  run  any  further  risk.  The  Council,  after  full  oonsi'- 
dcration,  and  being  satisfied  that  under  existing  circumstances  the 
Journal  is  the  most  advantageous  form  in  which  a  large  proportion 
of  the  papers  read  at  the  meetings  can  be  published,  determined  to 
continue  it  on  the  Society's  account  for  the  ensuing  year,  the  Vice- 
Secretary  remaining  the  editor,  under  the  superintendence  of  the 
President  and  Secretaries.  A  letter  has  been  addressed  by  the  Se- 
cretary to  the  Fellows,  stating  all  particulars  respecting  the  Jounal, 
and  also  explaining  the  reasons  why  they  have  considered  it  expe- 
dient for  the  future,  or  at  least  during  such  period  as  the  present 
form  of  an  illustrated  Journal  shall  be  kept  up,  to  discontinue  die 
gratuitous  distribution  of  these  illustrated  IVoceedings  to  the  Fel- 
lows, and  not  to  publish  them  otherwise  than  in  the  Journal. 

During  the  last  year  the  seventh  volume  of  the  Transactiont  hu 
been  commenced,  and  that  form  of  publication  will  be  continued  lor 
those  papers  requiring  illustration  which  cannot  be  adequately 
given  in  an  octavo  form.  The  Council  have  been  induced  to  try  the 
plan  adopted  by  some  Foreign  Societies,  of  publishing  the  papcn 
separately,  each  memoir  constituting  a  part,  which  when  there  is  a 
sufficient  number  will  form  a  volume,  and  for  which  a  title-page  and 
index  will  be  printed.  The  funds  disposable  for  this  purpose  did 
not  allow  of  more  than  one  part  being  published  at  the  Society's 
expense ;  but  Mr.  Warburton  and  Mr.  Greenough,  feeling  the  iw- 
portance  of  an  early  publication  of  the  discovery  by  Mr.  Bain,  with 
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Professor  Owen's  description,  of  fossil  remains  of  bidental  and  other 
reptiles  in  South  Africa,  hitherto  unknown,  an  opinion  in  which  the 
Council  entirely  concurred,  liberally  supplied  the  funds  for  the  pub- 
lication of  these  communications. 

The  Council  have  further  the  satisfaction  of  stating  that  they  have 
received  information  through  the  Earl  of  Lincoln,  that  the  Govern- 
ment have  awarded  the  sum  of  £200  to  Mr.  Geddes  Bun,  in  consi- 
deration of  the  exertions  he  has  made  towards  bringing  to  light  the 
fossil  remains  of  Southern  Africa. 

In  conclusion,  they  have  to  announce  that  they  have  awarded  the 
Wollaston  Palladium  Medal  and  the  balance  of  the  proceeds  of  the 
Donation  Fund  for  the  present  year,  amounting  to  £30  Is,  6d.,  to 
William  Lonsdale,  Esq.»  F.G.S.,  for  his  many  valuable  contributions 
to  Geological  science,  and  more  especially  for  his  description  of  the 
Corals  in  the  Silurian  and  Devonian  rocks,  for  his  late  Report  in  the 
first  volume  of  the  Quarterly  Journal  of  the  Geological  Society  on 
the  Corals  from  the  Tertiary  formations  of  North  America,  and  for 
his  description  of  the  Corals  from  the  Palaeozoic  formations  of  Russia. 

Report  of  the  Museum  ANn  Library  Committee. 

The  Museum  continues  in  nearly  the  same  state  as  when  the 
Report  was  made  last  year.  In  consequence  of  Mr.  Woodward's 
engagements  with  the  Journal  and  subsequent  absence,  no  progress 
has  been  made  in  carrying  out  the  former  resolutions  of  the  Council 
respecting  it  Few  specimens  have  been  added  during  the  last  year : 
they  consist  of — 

Tertiary. — Bones  from  the  Eocene  strata  of  Hordwell  and  Barton, 
presented  by  Thomas  Falconer,  Esq. 

Specimens  of  Foraminifera  from  Charing,  by  W.  Harris,  Esq. 

Chalk, — Chalk  Fossils  from  Trimmingham,  by  Miss  Gumey. 

Spongeous  Flint,  by  Mr.  H.  Ball. 

Beryx  radians,  Maidstone,  by  E.  H.  Bunbury,  Esq. 

Kentish  Rag, — Fossils  from  Maidstone,  Mr.  W.  H.  Bensted. 

Wealden.'-lJmo  Valdensis,  Isle  of  Wight,  Dr.  Mantell. 

Slab  of  Paludina,  Weald,  W.  Harris,  Esq. 

Great  Oolite, — Specimens  from  Kate's  Cabin,  Peterborough,  by 
H.  M.  Lee,  Esq. 

Lias. — Part  of  the  head  of  an  Ichthyosaurus,  of  which  the  other 
portion  is  in  the  Society's  collection  ;  presented  by  the  Earl  of  En- 
niskillen.  Sir  P.  Egcrton,  Mr.  Stokes,  Mr.  Murchison,  Mr.  Warbnr- 
ton,  and  Mr.  Broderip. 

Coal. — Calamites  pachyderma,  &c.  from  Oldham,  by  E.  A. 
Wright,  Esq. 

Series  of  specimens  of  Shells,  &c.  from  Coalbrook  Dale,  by  W. 
Anstice,  Esq. 

Motmtain  Limestone. — Palates,  Teeth,  and  Spines  of  Fish,  from  the 
limestone  of  Armagh,  by  Capt.  Jones,  R.N. 

Specimen  of  Orthoceratite,  Ireland,  from  W.  Thompson,  Esq. 
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Dewmiam  System, — PolUhed  Coralsy  Devonihire,  picsented  hf  te 
Marquis  of  Northampton. 

Pebbles  from  Schabar,  by  G.  A.  Mantell,  LL.D. 

Pholas  davata  on  Teak  timber,  by  Capt.  J.  W.  SymondB*  ILN. 


Foreign  SpecimeMm 

Fossils  from  the  Azores,  by  C.  Hunt»  Esq. 

Three  Terebratule,  by  Baron  Von  Buch. 

Specimens  of  Palaeozoic  Fossils  from  New  South  Wales,  by  the  Rer. 

H.  S.  Clark. 
Specimen  of  Gypsum,  by  Charles  Stokes,  Esq. 

The  Committee  have  ascertained  that  a  resolution  adopted  hut 
year  by  the  Council,  to  the  effect  "  that  all  specimens  belonging  to 
the  Society,  in  the  hands  of  Fellows,  be  inmiediatdy  returned/'  hta 
been  only  partially  carried  into  effiect. 


Library. 

The  Vice-Secretary  has  been  engaged  in  preparing  a  Catalogue  of 
the  Books  and  Maps,  the  first  sheets  of  which  are  already  printed, 
and  the  ^ole  will  be  shortly  completed.  Donations  of  aboat  180 
volumes  and  pamphlets  have  been  received  during  the  past  year. 

S.  P.  PRATT. 

H.  FALCONER,  M.D. 

ROBERT  AUSTEN. 


Comparative  Statement  of  the  Number  of  the  Society  at  the  dcMe  of 
the  years  1844  and  IS45. 

Dec.  31,  1844.  Dec.  »1,  1845. 

Compounders 116     123 

Residents   . . , 230     250 

Non-residents 452     437 

798  810 

Honorary  Members   23  20 

Foreign  Members 50  49 

Personages  of  Roy d  Blood. .      4 — 77  4 73 

875  ^883 
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Oeneral  Statement  ExpUmatory  of  the  Alteration  U  the  Number  of 
Fellows,  Honorary  Members,  SfC.  at  the  close  of  the  years  1844  and 
1845. 
Number  of  Fellows,  Compounders,  Contributon,  and  Non- 
residents, December  31,  1844 798 

Add,  Fellows  elected  during  former  1  Residents  ....    3 

years,  and  paid  in  1845 J  Non-residents  .  2 

—  5 
Fellows  elected  during  1845,  and  1  Residents  ....  17 

who  paid J  Non-residents.  10 

—27 

—        32 

830 

Deduct,  Compounder  deceased 1 

Residents  „         3 

Non-residents     „         9 

Resigned 4 

Removed 2 

Non-resident,  being  also  on  the  Foreign  list      1 

—  20 

Total  number  of  Fellows,  3l8t  Dec.  1845,  as  above. .   810 

Number  of  Honorary  Members,  Foreign  Members,  aiidl      -^ 

Personages  of  Royal  Blood,  December  31,  1844 ....  J 
Add,  Foreign  Member  elected 1 

78 

Deduct,  Honorary  Members  deceased 3 

Foreign  Members  „       2 

—  5 


Total  as  above    73 


Number  of  Fellows  liable  to  Annual  Contribution  at  the  close  of  1845, 
with  the  Alterations  during  the  year. 

Number  at  the  close  of  1844 230 

Add,  Elected  in  former  years  and  paid  in  1845 3 

Elected  during  1845  and  paid   17 

Non-residents  who  became  Residents  18 

268 

Deduct,  Deceased 8 

Resigned • •     8 

Compounded • . .     8 

Removed 2 

Became  Non-resident. 2 

—    18 

Total  aa  above    350 
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Compounders  (1). 
Edward  Wood,  Esq. 

Residents  (3). 

John  Backhouse.  Esq.        |  R.  C.  Sale«  Eaq. 

William  Taylor,  Esq. 


Non-Residents  (9) 

R.  T.  Atkinson,  Esq. 
T.  J.  L.  Baker,  Esq. 
Col.  Edward  Clive. 
Sir  C.  H.  Colville. 


Lieut. -Col.  M.  Shaw. 


Honorary  Members  (3). 


J.  S.  Duncan,  Esq. 
Hugh  Edwards,  Esq. 
S.  L.  Kent,  Esq. 
Thomas  Meade,  Esq. 


Dr.  J.  MacDonnell.  |  J.  A.  MacKonochie,  Esq. 

James  Oakes,  Esq. 

Foreign  Members  (2). 
Cavaliere  Monticelli.         |  Count  Miinster. 


The  following  Persons  were  elected  Fellows  during  the  gear  1845. 

January  8th. — George  Dawson,  Esq.,  Birmingham. 

January  22nd. — David  Walker,  Esq.,  M.A.,  Colchester. 

February  5th. — Thomas  Longman,  Esq.,  2  Hanover  Terrace,  Re- 
gent's Park;  John  Duraned  George,  Esq.,  32  Old  Burlington 
Street ;  and  Capt.  Barham  Livius,  Dover. 

February  26th.— John  Fowler,  Esq.,  Stockton  upon  Tees. 

March  1 2th.— Sir  Robert  Burdett,  Bart.,  Ramsbury  Park,  Wilts; 
and  Warrington  W.  Smyth,  Esq.,  3  Cheyne  Walk,  Chelsea. 

April  2ud. — Waller  Augustus  Lewis,  Esq.,  B.A.,  18  Stratford  Place ; 
Capt.  Washington,  R.N.,  F.R.S. ;  Albemarle  Bettington,  Esq., 
23  Hanover  Square ;  Robert  Stephenson,  Esq.,  15  Cambridge 
Square ;  George  Stephenson,  Esq.,  Taj)ton  House,  near  Chester- 
field ;  Lieut.  Baird  Smith,  of  the  Engineers,  Bengal  Army ;  Capt. 
Thomas  Hutton,  of  the  Bengal  Army ;  John  MacClelland.  Esq., 
of  the  Bengal  Medical  Service ;  and  the  Earl  of  Auckland,  Eden 
Lodge,  Kensington. 

May  14th. — John  Collis  Nesbit,  Esq.,  38  Kennington  Lane ;  Thomas 
Graham,  Esq.,  M.A.,  Professor  of  Chemistry,  University  College, 
London;  and  Joseph  Yelloly  Watson,  Esq.,  Malvern  Cottage, 
St.  Ann's  Road,  Brixton. 
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May  28th. — Captain  Thomas  E.  Bigge,  19  Bryanstone  Square; 
Matthew  Bell,  Esq.,  Bourne  Court,  Kent,  and  4  Grosvenor  Cres- 
cent ;  and  John  Alexander  Hankey,  Esq.,  36  Brook  Street. 

June  11th. — Alexander  Keith  Johnston,  Esq.,  Edinburgh;  Brooke 
Cunliffe,  jun.,  Esq.,  Erbistoch  Hall,  North  Wales;  The  Earl  of 
Lincoln,  Chief  Commissioner  of  Her  Majesty's  Woods  and  Forests; 
and  Edward  Solly,  Esq.,  38  Bedford  Row. 

December  3rd. — James  Ashwell,  Esq.,  B.A.,  St.  Peter's  College, 
Cambridge  ;  and  A.  W.  Jackson,  Esq.,  Hoddesdon. 

December  17.— John  Morris,  Esq.,  High  Street,  Kensington;  and 
Dr.  Edward  Kelaart,  of  the  Army  Medical  Staff. 

The  following  Person  was  elected  a  Foreign  Member. 

March  12th. — M.  Alcide  d'Orbigny,  Vice-President  of  the  Geolo- 
gical Society  of  France. 

The  following  Donations  to  the  Museum  have  been  received  since 
the  last  Anniversary. 

British  and  Irish  Specimens. 

Specimens  of  the  Unio  Valdensis  from  the  Wealden  of  the  Isle  of 
Wight ;  presented  by  G.  A.  Mantell,  LL.D.,  F.G.S. 

Slab  of  Paludime  from  the  Weald  at  Pluckley,  and  Corals,  Shells  and 
Foraminifera  from  the  Chalk  of  Charing,  Kent;  presented  by 
Wm.  Harris,  Esq.,  F.G.S. 

Fossils  from  the  Great  Oolite,  Kate's  Cabin  in  Peterborough ;  pre- 
sented by  H.  M.  Lee,  Esq.,  F.G.S. 

Gigantic  Head  of  Ichthyosaurus,  the  remaining  portion  of  a  specimen 
already  in  the  possession  of  the  Society ;  presented  by  H.  War- 
burton,  Esq.,  M.P.,  the  Earl  of  Enniskillen,  R.  I.  Murchison,  Esq., 
Sir  Philip  Egerton,  Bart.,  M.P.,  Charles  Stokes,  Esq.,  and  W. 
J.  Broderip,  Esq.,  F.G.S. 

Series  of  Specimens  from  Coalbrook  Dale ;  presented  by  W.  Anstice, 
Esq.,  F.G.S. 

Palates,  Teeth  and  Spines  of  Fish  from  the  Carboniferous  Limestone 
of  Armagh ;  presented  by  Capt.  Jones,  R.N.,  F.G.S. 

Specimen  of  Orthoceraiite  from  the  Mountain  Limestone  of  Ireland ; 
presented  by  W.  lliompson,  Esq.,  F.G.S. 

Polished  sections  of  Corals  from  South  Devon ;  presented  by  the 
Marquis  of  Northampton,  F.G.S. 

Specimen  of  Gypsum ;  presented  by  Charles  Stokes,  Esq.,  F.G.S. 

Specimen  of  the  Pholas  clavata  in  Teak  Timber ;  presented  by  Capt. 
SirW.  Symonds,  R.N. 

Cahmites  pachy derma  and  other  Coal- plants  from  Glodwick  Colliery, 
Oldham ;  presented  by  E.  A.  Wright,  Esq. 

London  Clay  from  the  bed  of  the  lliames  opposite  Limehouse ;  pre- 
sented by  George  Rennie,  Esq. 
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Foreign  Specimens. 

Three  species  of  Terehratula ;  presented  by  Baron  Leopold  Von  Boch, 

For.  Mem.  G.S. 
Si)ecimens  of  Rocks  and  Palaeozoic  Fossils  from  New  South  Wafei; 

presented  by  the  Rev.  W.  B.  Clarke,  F.G.S. 
Pebbles  from  Irhaboe ;  presented  by  G.  A.  Mantell,  LL.D.,  F.O& 


Charts  ano  Maps. 

Ordnance  Townland  Survey  of  the  County  of  Cork,  in  155  sheets; 
prc!<cnted  by  Col.  Colby,  R.E.,  by  direction  of  the  Lord  Lien- 
tenant  of  Ireland. 

The  Charts  published  by  the  Admiralty  during  the  year  1844  ;  pre- 
sented by  Capt.  Beaufort,  R.N.,  by  direction  of  the  Lords  (^m- 
missioners  of  the  Admiralty. 

Sheets  19  to  33,  and  35  to  43  inclusive  of  the  Geological  Sorreyof 
Great  Britain ;  presented  by  Sir  H.  T.  De  la  Beche«  For.  S.  G.8., 
by  direction  of  the  Chief  Commissioner  of  Her  Majesty's  Woodi 
and  Forests. 

Essai  d'une  Carte  G^ologique  du  Globe  Terrestre,  par  M.  A.  Boa£; 
presented  by  the  Author. 

Map  of  the  Coal  district  eastvrard  of  Glasgow ;  presented  by  L.  Hor- 
ner, Esq.,  P.G.S. 

Carte  Geologique  du  Terrain  entre  le  lac  d'Orta  et  celui  de  Lugano, 
par  M.  Leopold  de  Buch ;  presented  by  the  Author. 

Croquis  provisional  de  una  Parte  del  Terreno  Carbonifero  de  Asto- 
lias  con  lalndicacion  de  los,&c. ;  presented  by  the  Asturian  Mining 
Company. 

Map  of  the  Cape  of  Good  Hope  ;  presented  by  H.  WarburtODi  Esq., 
F.G.S. 


Lithographic  Drawing  of  a  Fossil  Jaw ;  presented  by  W.  K.  Bridge- 
man,  Esq. 

Lithographic  Drawing  of  a  ^gantic  Ruminant;  presented  by  Mr. 
Bettington. 

Lithographic  Drawing  of  an  imprinted  Slab  from  the  New  Red  Sand- 
stone at  Weston,  Cheshire;  presented  by  Dr.  James  Blade, 
F.G.S. 

Portrait  of  the  late  Francis  Baily,  Esq.,  P.  Ast.  Soc. ;  preaentad  by 
the  Rey.  Richard  Sheepshanks,  F.G.S. 


Medallion  of  Mr.  J.  De  Carle  Sowerby ;  presented  by  Mr.  J.  De 
Carle  Sowerby. 
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The  following  List  contains  the  Names  of  all  the  Persons  and 
Public  Bodies  from  whom  Donations  to  the  Library  and  Museum 
were  received  during  the  past  year. 


Academy  of  Sciences  of  Paris.       I 
Admiralty,  The  Right  Hon.  the 

Lords  Commissioners  of  the. 
Agassiz,  Prof.  L.,  For.  Mem.  G.S. 
American  Philosophical   Society 

held  at  Philadelphia. 
Ansted,  Prof.  D.  T..  F.G.S. 
Anstice,  W.,  Esq.,  F.G.S. 
Asturian  Mining  Company. 
Athenaeum,  Editor  of  the. 

Benett,  Miss. 

Bettington,  A.,  Esq.,  F.G.S. 

Black,  James,  M.D.,  F.G.S. 

Boston  Society  of  Natural  Hi- 
story. 

Boue,  Mons.  A. 

Braim,  T.  H.,£sq. 

Brayley,  E.  W.,  Esq.,  F.G.S. 

Bridgeman,  W.  K.,  Esq. 

British  Association  for  the  Ad- 
vancement of  Science. 

Broderip.  W.  J.,  Esq.,  F.G.S. 

Brodie,  Rev.  P.  B.,  F.G.S. 

Buckman,  James,  Esq.,  F.G.S. 

Bunbury,  E.  H.,  Esq.,  F.G.S. 

Cangiano,  L.,  Esq. 
CatuUo,  Prof.  T.  A. 
Chemical  Society  of  London. 
Clarke,  Rev.  W.  B.,  F.G.S. 

Dana,  J.  D.,  Esq. 
D'Aoust,  M.  V. 
Daubeny,  Prof.,  M.D.,  F.G.S. 
De  la  Beche,  Sir  H.  T.,  F.G.S. 
6t  G6n6rale  de  la  Marine  de 


ance. 

De  Walterhausen,.M. 
Dttfr^snoy,  M.,  For.  Mem.  G.S. 
Durocher,  M.  J. 

Egerton,   Sir.  P.,  Bart.,  M.P., 

F.G.S. 
j^e  de  Beaumont,  M.>  For.  Mem. 

G.S. 


Enniskillen,  Earl  of,  F.G.S. 

Falconer,  H.,  M.D.,  F.G.S. 

Fox,  R.  W..  Esq. 

Franklin,  Sir  J.,  K.C.H.,  F.G.S. 

Geological  Society  of  Dublin. 
Geological  Society  of  France. 
Grervais,  M.  P. 
Gibbes,  R.W.,  M.D. 
Gregory,  W.,  M.D. 

Haarlem    Soci6t6    Hollandaise 

des  Sciences. 
Hall,  James,  Esq.,  F.G.S. 
Harris,  W.,  Esq.,  F.G.S. 
Hausmann,   Prof.  J.  F.  L.,  For. 

Mem.  G.S. 
Helmerson,  Herr  G.  von. 
Homer,  L«,  Esq.,  Pres.  G.S. 

Jackson,  C.  T.,  M.D. 

Jones,  Capt.,  R.N.,  M.P.,  F.G.S. 

Kerigan,  T.,  Esq. 
King,  W.,  Esq. 

Lee,  H.  M.,  Esq. 
Lyell,  C,  Esq.,  F.G.S. 

Macaire,  Prof. 

Mackintosh,  A.  F.,  Esq.,  F.G.S. 
Mantell,  G.  A.,  LL.D.,  F.G.S. 
Michelin,  H.,  Esq. 
Modena  Society. 
Muller,  Herr  Joh. 
Murchison,  Sir  R.  L,  F.G.S. 
Museum  of  Natural  History  of 
Paris. 

New  York  Dissector,  Editor  of. 
Northampton,  Marquis  of. 
Northumberland  Natural  History 

Society. 
Nicol,  James,  Esq. 
Nyst,  M.  P.  H. 
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Ordnance*  Master-Oeneral  and 
Board  of. 

Philadelphia  Academy  of  Natural 

Science. 
Pictet,  M.  F.  J. 
Pilla,  Henr  L. 

Quetelet,  M.  A. 

Redfield,  W.  C,  Esq. 
Reeve,  Mr.  Ix)vell. 
llennie.  G.,  Esq.,  F.G.S. 
lioyal  Academy  of  Berlin. 
Royal  Academy  of  Brussels. 
Royal  Academy  of  Munich. 
Royal    Agricultural    Society    of 

England. 
Royal  Asiatic  Society. 
Royal  Geographical  Society. 
Royal  Irish  Academy. 
Royal    Polytechnic    Society    of 

Cornwall. 
Royal  Society  of  Edinburgh. 
Royal  Socie^  of  London. 


Sabine,  Lieut.- Cdonel,  F.Q.B. 
Scacchi,  Signer  A. 
Sheepshanks,  Rev.  R.,  F.O.S. 
Silliman,  Prof.,  M  J).,  For.  Mem. 

G.S. 
Simms,  F.  W.,  Esq.,  F.G.S. 
Society  of  Arts. 
Stockholm  Academy. 
Stokes,  Charles,  Esq.,  F.G.S. 
Symonds,  Capt.  Sir  W.,  R.N. 

Taylor,  Richard,  Esq.,  F.G.S. 
Taylor,  R.  C,  Esq.,  F.G.S. 
Tchihatcheff,  M.  P.  de. 
Thibert,  F.,  M.D. 
Thompson,  W.,  Esq.,  F.G.S. 

Von  Buch,  Baron,  For.Mem.G.S. 

Warburton,    H.,     Esq.,     M.P., 

F.G.S. 
Washington  National  InstitutioD. 
Wright,  C.  A.,  Esq. 

Zoological  Society. 


List  q/*  Papers  read  since  the  last  Annual  Meeting,  February  21W, 

1845. 

Feb.  26th.— On  the  Miocene  Tertiary  Strata  of  Maryland,  Virginia, 
and  North  and  South  Carolina,  by  Charles  Lyell,  Esq.,  F.G.S. 

— — —  On  the  White  Limestone  and  Eocene  Formations  of 
Georgia  and  South  Carolina,  by  Charles  Lyell,  Esq.,  F.G.S. 

March  12th  and  Jan.  7th,  1846. — On  the  Comparative  Classifica- 
tion of  the  Fossiliferous  Slates  of  North  Wales,  Westmoreland  and 
Lancashire,  by  the  Rev.  Adam  Sedgwick,  M.A.,  F.G.S. ,  Wood- 
wardian  Professor  in  the  University  of  Cambridge. 

April  2nd. — On  an  Aerolite  said  to  have  fallen  near  Ljrmingtxm, 
Hants,  by  R.  A.  C.  Austen,  Esq.,  F.G.S. 

— — ^— ^—  On  the  Junction  of  the  Transition  and  Primary  Rocks 
of  Canada  and  Labrador,  by  Cai)t.  Bayfield,  R.N. 

April  16th. — On  the  supposed  evidences  of  the  former  existence  of 
Glaciers  in  North  Wales,  by  Angus  Friend  Mackintosh,  Esq., 
F.G.S. 

April  dOth. — On  the  Palaeozoic  Deposits  of  Scandinavia  ttnt\  thf 
Baltic  Provinces  of  Russia,  by  Sir  R.  I.  Murchison,  V.P.O.S. 

May  14th. — Extract  of  a  Letter  from  Dr.  A.  Gesner,  on  the  Gypsi- 
ferous  Red  Sandstone  of  Nora  Scotia. 
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May  14th«— -On  the  Coal  Beda  of  Lower  Nonnandy,  by  R.  A.  0. 
Austen,  Esq.,  F.G.S. 

■  ■  Notea  of  a  Microscopical  Examination  of  the  Chalk 
and  Flint  of  the  Sonth-East  of  England,  by  G.  A.  Mantell,  LL.D., 
F.G.S. 

On  some  Specimens  of  Rerodactyle,  recently  found 


in  the  Lower  Chalk  of  Kent,  by  J.  S.  Bowcrbank,  Esq.,  F.G.S. 
May  28th. — On  the  Geology  of  Lycia,  by  Edward  Forbes,  Esq., 

F.G.S.,  Professor  of  Botany  in  King's  College,  London,  and  Lieut. 

Spratt,  R.N.,  F.G.S. 
-—— — —  On  a  new  Family  of  Crinoidal  Animals  called  Cysti- 

deds,  by  Baron  Leopold  von  Buch,  For.  Mem.  G.S. 

On  the  relation  of  the  New  Red  Sandstone  to  the 


Carboniferous  strata  in  Lancashire  and  Cheshire,  by  £•  W.  j^n- 

ney,  Esq. 
June  4th. — On  Dust  falling  on  Vessels  in  the  Atlantic  Ocean,  by 

Charles  Darwin,  Esq.,  F.G.S. 
— — —  On  Foraminifera  in  the  Lias,  by  H.  E.  Strickland, 

Esq.,  F.G.S. 

,  Qq  Spirifers  from  the  Lias,  by  James  Buckman,  Bsq^ 


F.G.S. 

— — —  On  Artificial  Graphite,  by  William  Brockedon,  Esq. 
On  the   Piraeus  at  Athens,  by  the  Rev.  Robert 


Everest,  F.G.S. 

On  an  Elephant's  Tusk  found  in  the  Gravel  of  Kent, 


by  —  Charlton,  Esq. 

On  the  Ear-bone  of  a  Whale  found  in  the  Crag  near 


Ipswich,  by  C.  B.  Rose,  Esq.,  F.G.S 

On  Scotch  Boulders,  by  James  Smith,  Esq.,  F.G.S. 


November  5  th. — On  Footsteps  on  a  Slab  of  New  Red  Sandstone,  by 

James  Black,  M.D.,  F.G.S. 
— — ^-^  On  the  Granite  of  Lundy  Island,  by  the  Rev.  David 

Williams,  F.G.S. 

On  the  Geology  of  the  neighbourhood  of  Tremadoc, 


by  J.  E.  Davis,  Esq.,  F.G.S. 
November  19th. — On  the  Age  of  the  newest  Lava  Current  of  Au- 

vergne,  and  on  Shells  found  in  Gravel  under  the  lAva,  by  Charles 

Lyell,  Esq.,  F.G.S. 
On  the  Geological  position  of  the  Bitumen  used  in 

Asphalte  Pavements,  by  S.  P.  Pratt,  Esq.,  F.G.S. 

Letter  from  Capt.  Cooper,  announcing  the  Discovery 


of  Coal,  or  Lignite,  in  the  Island  of  Formosa. 

December  SnI — On  Fossil  Ferns  from  Maryland,  by  C.  J.  F.  Bun- 
bury,  Esq..  F.G.S. 

On  Bones  of  Iguanodon  recently  found  in  the  Weal- 
den  strata  of  the  Isle  of  Wight,  by  G.  A.  Mantell,  LL.D..  F.G.S. 

December  17th. — On  the  supposed  Fossil  Bones  of  Birds  from  the 
Wealden,  by  Richard  Owen,  Esq.,  F.G.S.,  Hunterian  Professor  of 
Anatomy  in  the  Royal  College  of  Surgeons. 


ZU  AKirXTEESAET  MBBTIKG. 

December  17th. — On  Amber,  and  on  the  Organic  Remaisft  found  m 

it,  by  Prof.  Goppert  of  Breslau. 
— — — — -  Extract  from  a  Letter  concerning  a  DepreMion  lately 

produced  in  consequence  of  an  Earthquake  in  Cutch,  by  Mrs. 

berinzy. 

On  the  occurrence  of  Nodules,  commonly  caUcd 


Fossil  Potatoes,  on  the  shores  of  Lough  Neagh,  by  the  Very  Rev. 

the  Dean  of  Westminster,  F.O.S. 
January  7th,  1846. — On  the  Fossil  Remains  of  Birds  in  the  Wealden 

strata,  by  G.  A.  Mantell,  LL.D.,  F.G.S. 
January  21st. — Continuation  of  the  Memoir  on  the  Palaeozoic  Rocks 

of  Cumberland,  by  the  Rev.  Adam  Sedgwick,  F.G.S.»  Wood- 

wardian  Professor  in  the  University  of  Cambridge. 
.  On  the  so-called  "  Jackstones  "  of  Merthyr  Tydvil, 

by  Joseph  Dickinson,  Esq.,  F.G.S. 

On  the  Coal-plants  of  Nova  Scotia,  by  J.  W.  Daw- 


son, Esq..  and  C.  J.  F.  Bunbury,  Esq.,  F.G.S. 
February  4th. — On  the  Tertiary  Formationi  of  the  Ue  of  Man,  by 

the  Rev.  J.  Cumming. 
— — — -  On  Sternbergia,  by  J.  S.  Dawes,  Esq.,  F.G.S. 
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£.     s.    d.    £.  1.  ^ 
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115  10    0 

Admission  Fees 212  2    0 

Annual  Contributions  of  1845 740  15    6 

Dividends  on  3  per  Cent.  Consols    86  13    5 

Sale  of  Transactions 69  19    6 

Sale  of  Transactions  in  separate  Memoirs    67  19    4 

Sale  of  Proceedings 5  11    6 


£1298  n     3 
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JOHN  CARRICK  MOORE,     SAuoivoai. 
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Feb.  2, 1846. 


during  the  year  ending  December  SI,  1845. 

Payments. 

General  Expenditure:  £.  <.  d.    £.    <.    d. 

House  Repairs  5  12  1 

Furniture  Repairs 23  14  G 

New  Furniture  56     2  4 

Taietand  lUtes 35  11  4 
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TRANSLATIONS  AND  NOTICES 


GEOLOGICAL  MEMOIRS. 


1.  Remarks  an  the  Molluscous  Animals  of  South  Italy,  in 
reference  to  the  MoUtuca  <f  the  Tertiary  period.  By  Dr.  A. 
Philippi. 

Continued  firom  Quart.  GeoL  Jowm.  toL  i.  p.  111. 
(From  '  Erichaon's  Arehwflir  Naturgetehiehte/  lOter  Jthrgang,  ler  Bd.  p.  348.) 

In  the  previous  part  of  this  memoir  we  have  brought  under  com- 
parison the  Faunas  of  different  seas  with  the  marine  molluscous 
fauna  of  South  Italy,  and  have  also  grouped  together  those  Mediter- 
ranean species  which  are  most  widely  extended.  If  now,  in  the  next 
place,  we  compare  the  existing  fauna  of  the  Sicilian  seas  with  the 
inhabitants,  during  the  tertiary  period,  of  that  sea  whose  elevated 
bed  now  forms  the  greater  part  of  Sicily  and  Calabria,  several  pro- 
blems of  great  interest  and  importance  are  suggested  for  investigar 
tion,  and  to  these  therefore  we  will  next  turn.  The  most  import^ 
ant  of  these  are: — 1.  Whether  during  the  tertiary  period  the  seas 
were  greatly  more  or  lesd  rich  in  mollusca  than  they  are  at  present  ? 

2.  How  many  species  still  met  with  were  then  in  existence,  having 
withstood  the  catastrophes  which  separated  the  former  from  the 
present  condition  of  things  ?  and  how  many  species  were  destroyed 
by  these  catastrophes  ?  S.  With  regard  to  those  species  common  to 
both  periods,  to  what  extent  are  these  differences  observable,  whether 
as  to  relative  abundance,  difference  of  size,  or  other  peculiarities  ? 
and  how  far  are  these  differences  important  in  themselves,  although 
not  sufficient  to  justify  a  specific  distinction  ?  4.  With  regard  to  the 
localities  of  fossils,  what  relation  have  they  to  one  another  ?  Are  the 
deposits  all  of  the  same  age?  or  do  the  tertiary  formations  of  South 
Italy  admit  of  subdivisions  ?  and  5.  In  what  relation  do  the  South 
Italian  tertiary  deposits  stand  with  reference  to  the  other  tertiary 
formations  ?  The  last  question  I  am  unable,  for  want  of  necessary 
data,  to  answer  distinctly ;  but  with  regard  to  the  rest,  roy  researches 
have  brought  out  the  following  results : — 

vol.  II. — PART  II.  B 


GEOLOGICAL  MBMOIBS. 


1 .  Number  of  Molluscous  species  at  present  compared  with  ike  number 
during  the  Tertiary  period. 

In  the  tertiary  strata  of  South  Italy  we  find  scarcely  any  fossil  re- 
mains but  those  of  marine  animals,  and  of  these  it  is  not  to  be  expected 
that  any  indications  of  the  naked  moUusca  should  be  preserved. 
Omitting,  therefore,  the  latter,  and  also  the  land  and  freshwater 
shells,  from  the  list  of  existing  MoUusca,  we  have  the  followiog  table 
of  the  numerical  relations  between  the  tertiary  and  existing  period :— > 


Existing  period. 

T«9rtiai7  period. 

Conchifeni 

188  sp.  or  35  per  cent. 

10  „    2       „ 

11  „    »       „ 
313      „  58       „ 

15      ..    3       „ 

537  species. 

231  sp.  or  40  per  cent 
13       „    n     „ 

32»     Use     " 

«    „  1    „ 

576ipecie«. 

Brachiopoda *. 

Pteropoda  

Gasteropoda  (with  shells) ... 
Cirripeda    

The  sea  therefore  was  somewhat  richer  during  the  tertiary  period 
than  it  is  at  present ;  and  it  must  be  remembered  that  the  number 
of  fossil  species  is  likely  to  be  increased  by  future  researches  to  a 
much  greater  extent  than  that  of  existing  species ;  but,  on  the  other 
hand,  it  must  also  be  borne  in  mind  that  the  tertiary  period  involves 
a  much  longer  lapse  of  time,  during  which  many  species  have  died 
out  and  new  ones  been  introduced,  and  it  is  therefore  not  improba- 
ble that  with  respect  to  number  of  species  there  is  no  niarked  dif* 
ference  between  the  past  and  the  present 

The  relative  proportion  of  the  different  groups  was  formerij 
somewhat  different  from  that  which  now  obtains,  as  will  be  observed 
by  looking  at  the  per-centage  in  the  foregoing  table,  and  it  thence 
appears  that  the  Conchifera  and  Brachiopoda  formerly  pieponde- 
rated,  while  the  Gasteropoda  and  Cirripedes  are  more  abundant  at 
present.  I  think  we  may  hence  conclude  that  the  extent  of  coail 
was  less  during  the  tertiary  period  than  it  is  at  present,  and  that  the 
bed  of  the  sea  recently  elevated  into  land  consisted  chiefly  of  shal- 
lows. 

2.  Proportion  of  extinct  to  existing  species. 

Among  the  537  existing  species  of  marine  shells,  I  have  at  pre- 
sent only  met  with  the  following  in  a  fossil  state.  They  amount  to 
169  in  number,  being  somewhat  less  than  one-third  of  the  whole. 


Conchifera. 


Clavagella  balanonun,  Seae. 

angulata,  Pk, 
Teredo  navalis,  L, 

Bniguieri,  D.  Ch. 

palmulata,  />.  Ch, 
Pholis  Candida,  L, 
Solen  legumen,  L, 
Panopsea  Aldrovandi,  Men, 
Scrobicularia  piperata,  Gm, 


Scrobicularia  Cottardi,  Pm^, 
Erydna  ovata,  Ph. 
Bomia  seminulum.  Ph. 
Solenomya  meditenrnnea, 
Corbnla  revoluta,  Bt^e. 
Pandora  flexuosa.  Sow. 
Thracia  ovalis,  Ph. 

fabula,  Pk, 
Galeomma  Turtoni,  Som. 


PHILIPPI  8  COMPARATIVE  TABLES  OF  MOLLUSCA. 


Venenipif  decussatt,  Ph. 
Tellina  fabula,  Gm, 

Coetae,  Ph. 

btltica,£. 
Ladna  ?  bipaitita,  Ph. 
Scacchia  elliptica,  Seme, 

ovata,PA. 
VenoB  geographica,  O. 

leU^Potf. 

aarea,  Mai. 

Beudanti,  P«y. 

nitens,  PA.  et  Se. 
Cardiaiii  scabnim.  Ph. 

parvum,  PA. 
Arcascabra,  PoU. 

imbricaia,  PoU. 
Pectunculos  lineatiu,  PA. 
Modiola  coftulata.  Rim. 


Orthis  lunifera,  PA. 
neapolitana,  Se. 


Pinna  truncate,  PA. 

radis,  L. 

pectinate,  L. 

moricata,  PoL 

marginata,  Lam. 

Titrea,  Gm. 
Lima  inflata,  Lam. 
Pecten  sulcatiu,  Lam. 

gibboi.  Lam. 
Spondyloi  acnleatot,  Chemn. 
AJiomia  atpera,  PA. 

scabrdla,  PA. 

pectinifonnii,  PoK. 

elegani,  PA. 

margaritacea,  PA. 

Brachiopoda. 

Orthis  anomioides,  PA.  ei  Se, 
Thecidea  mediterranean  Riit. 


Pteropoda. 


Hyalaea  gibboia.  Rang. 

vaginella,  Cani. 
Cleodoia  cuspidate,  Q,  et  G. 


Cleodora  striata,  Ramg. 
adcula,  Rng. 
zonata,  D.  Ch. 


Gasteropoda* 


Chiton  pulchellus,  PA. 

Polii,  PA. 

Rissoi,  Pay. 

Icyis,  Paul. 

Tariegatns,  PA. 

cijetanus,  PoH. 
Patella  Bonxii,  Pay. 

cerulea,  L. 

fragilis,  PA. 
Emarginula  Huzardi,  Pay. 
flssurella  rosea,  Lam. 
Pileopsis  militaris,  Puli. 
Thyreus  paradoxus,  PA. 
Crepidula  gibbosa,  DJir, 
BuUea  planciana,  PA. 
Bulla  vestita,  PA. 

OYulata,  Broe. 

ampulla,  Z. 

diaphana,  Ar,  et  Mag. 
Rissoa  elata,  PA. 

Tiolaoea,  Jhmrn. 

iimilis,  Seae. 

auriscalpium,  L. 

clathrata,  PA. 

coronata,  Se. 

radiata,  PA. 

rudis,  PA. 

gradlis,  PA. 

dngulata,  PA. 


b2 


Ristoa  tenera,  PA. 

snbsulcata,  PA. 

fulTa,AflcA. 

labiata, «.  iftiA^. 

solata,PA. 
TnmcateUa  littorina,  Deeh. 

?fiisca,PA. 

atomns,  PA. 
Chemnitzia  scalaris,  PA. 

obliquata,  PA. 
fNerite  versicolor.  Lam. 
Natica  marochiensis,  Lam. 

heUdna,  Broe.  ? 
lanthina  bicolor,  Mke. 

nitens,  Mte, 

patula,PA. 
Sigaretus  haUotidens,  L. 
Vermetus  semisnrrectus,  Bip. 
Scalaria  pnlchella,  Bw. 

crenata,Xi. 
Delphinnla  exilissima,  PA. 
Solarium  discus,  PA. 
Trochus  granulatus,  Bort^ 

dubius,  PA. 

pumillo,  PA. 

unidentatus,  PA. 

Tillicus,  PA. 

leucophcnf ,  PA 

RafCketti,  Piiy, 
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Trocbas  pygmeus,  PA.  fPynila  Santangdi,  Mmr, 

t      cameolus,  lam.  Mnrex  tetraptenii,  Brwnu 

Turbo  neritoidesy  L.  Tritoninm  Tariegmtimi,  Lnu 

littoreus,  L,  Bcrobiculator,  L, 

obtuMtuB,  jL  cntaceum,  L. 

muricatiu,  L,  Chenopot  lirresuums,  Mkiu 

SduurelU  plicau,  Ph.  CauidarU  deprem,  PA. 

striatulft,  PA.  Doliam  galea,  L, 

Cerithium  IcTigatmn,  PA.  Buccinum  Scaccfaianom,  PA. 
Pleorotoma  parpuremn,  MfmJt*  candidisaimani,  PA. 

costulatam,  Km,  Tirei,  Mmm. 

multOineatum,  Dnk.  Lefebnii,  Jfo. 

puiillum,  &ae.  Tere bra  adeoUita,  Lmmu 

plicatum,  lam,  Ovula  carnea,  L, 

Ueniatam,  /WA.  fCypnea  annolua,  L, 

Bertrandi,  Pcy.  f     moneta,  L, 

IcTigatum,  PA.  erota,  L. 

Mcalinam,  PA.  bdvcda,  L. 

LaTic,  PA.  Dentalium  rabeaoens,  DteA. 
Pynila  squamiilata,  PA. 

Cirripida. 

Balanns  intermedios,  PA.  Coroniila  biiaezlolMita,  BUm, 

hemiiphaerictiB,  Brg.  AnatUa  Uevis,  Bry. 
galeatus,  £.  striata,  Brg, 

Acasta  tpongites,  PolL  PolHcipet  •calpeUom,  L. 

Chthalamui  glaber,  PtA, 

Since  the  tertiary  period,  therefore,  there  have  been  introdooed 
as  Dew  species — 

Of  the  188  existing  Conchifiera 35  species,  or  19  per  eeat. 

„       10       „      Brachiopoda  4         „         40        „ 

„       II        „      Pteropoda  6         „         58        „ 

„     313       „      CoDchiferoos  Guteropoda  97         „         31        „ 
M       15        „      Cirripeda    9         „         60        „ 

Oo  the  Other  hand,  the  following  193,  or  nearly  one-third  of  ^ 
species  found  fossil,  have  disappeared  and  are  now  extinct : — 

Conchifera, 

Aspergillam  maniculatum,  PA.  Thracia  elongmta,  PA. 

Clavagella  badllaris,  Z>ttA.  Tellina  posilU,  PA. 
Clavagella  sp.  plearasticta,  PA. 

Pholas  Tibonensis,  PA  ovata,  Snw, 

Solen  tenuis,  PK  elliptica,  Erne. 

Solecurtus  multistriatos,  Sew.  strigilata,  PA 

Panop«a  Fai^asii,  ilai.  Diplodonta  lupimis,  Broc, 

Bivonse,  PA  Ludna  transrersa,  Brmuu 
Anatina  oblonga,  PA  albdla,  Lam, 

pusilla,  PA  Scaochia  invena,  PA. 

Scrobicularia  tenuis,  PA  Astarte  leTigata,  v.  Ifinaf. 

Erydna  pusiUa,  PA  Cytherea  fragilia,  PA. 

angulosa,  Bmrnu  Venus  senilis,  Aroe. 

lonfiicanis,  Sew,  Tetula,  Bat/. 

similis,  PA  ?  miliaria,  PA. 

Corbula  crispata,  Seoe,  Cardium  multiooatatum,  Br%e. 

oostellata,  ^A.  Hippagus  acutecoatatua,  PA.  ' 

Thrada  Tentricoaa,  PA  Area  mytiloidea,  A^oe. 


PHILIPPI  8  COMPARATIVE  TABLES  OF  MOLLUSCA. 


Area  BreisUki,  Batt. 

ispera,  Ph, 

obliqua,  PA. 

pectuDculoides,  Scae. 
PectuDculus  variabiliB,  Sow, 

auritus,  Broe. 

minutuB,  PA. 

pygmaeusy  PA. 
Nacaia  placentina,  Lam, 

exciaa,  PA. 

striata,  Lam. 

pusio,  PA. 

glabra,  PA. 

cuspidata,  PA. 

dUaUta,  PA. 

pelluddia,  PA. 

decipiens,  PA. 
Chama  dissimiliB,  Bronn, 
Modiola  grandis,  PA. 

phaseolina,  PA. 

sericea,  Brotm. 


Mytilus  antiquomm,  Sow,  (?) 
AitnneUa  laevis,  PA. 
Pema  Soldanii,  Desk, 
Pecten  cristatus,  Broun. 

Alessii,  PA. 

latissimiu,  Broc. 

palmatus,  Lam, 

scabrelliu,  Lam. 

rimulosas,  PA. 

antiquatiu,  PA. 

flmbriatus,  PA. 

pygnueiu,  v.  Mumi. 

semicostatus,  v,  Mwut, 
Hinnites  Icyiiuculiu,  PA. 
Plicatula  mytilina,  PA. 
Ostrea  belloyacina,  T 

pnegrandis,  PA. 

longirostris.  Lam, 

foliosa,  Broc, 
Anomia  striata,  Broe. 


Brachiopoda. 


Terebratula  grandis,  Bhtm, 
bipartita,  Broe. 
biplicata,  Sow, 
sphenoidea,  PA. 


Terebratula  septata,  PA. 

euthyra,  PA. 
Orthis  eusticta,  PA. 


Gasteropoda. 


Emarginula  decussata,  PA. 
Broccnia  sinuosat  Broe, 
Bulla  couToluta,  Broe. 

laevis,  Ar.  et  Mag, 
Aplysia  ?  deperdita,  PA. 

?  grandis,  PA. 
Melania  ?  soluta,  PA. 
ValvaU?  striata,  PA. 
Rissoa  sculpta,  PA. 

reticulata,  PA. 

textilis,  PA. 

areolata,  PA. 

substriata,  PA. 

canaliculata,  PA. 
Eulima  Sdllae,  Seae. 

affinis,  PA. 

bulimus,  Seae, 
Chemnitzia  pusilla,  PA. 

terebellum,  PA. 
Natica  undau,  PA. 

tigrina,  I)fir, 
Scalaria  trinacria,  PA. 

plicosa,  PA. 

crispa,  Lam. 
Delphinula  nitens,'  PA. 

elegantula,  PA. 
Bifrontia  ?  zanclaea,  PA. 
Solarium  reticulatum,  PA. 

pseudoperspectivum,  Broc, 
Trochus  crispus,  Aon. 

mQlegranus,  PA. 

panrulus,  PA. 


Trochus  buUatus,  PA. 

patulus,  Broe. 

gemmulatus,  PA. 

filosus,  PA. 

glabratus,  PA. 

crispulus,  PA. 

euomphalus,  PA. 

strigOBUs,  dm. 

suturalis,  PA. 

marginulatos,  PA. 

Ottoi,  PA. 

ductus,  PA. 
Sdssurella  aspera,  PA. 
Turritella  tomata,  Broc. 

vermicularis,  Broe. 

subangulata,  Broe. 
Cerithium  calabrum,  PA. 

tridnctum,  Broc. 
Scaea  stenogyra,  PA. 
Pleurotoma  cataphractum,  Broe. 

torquatum,  'PA. 

dimidiatum,  Broe. 

galeritum,  PA. 

pygmseum,  PA. 

nodulifemm,  PA. 

sigmoideuiii,  BrooM. 

htfpula,  Broe. 

columnae,  Seae. 

comma,  Sow. 

Imperati,  Seae. 

decussatum,  PA. 

semipliGatum,  Bromm. 
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Pleurotoma  tarentiiii,  Ph.  Baccinum  gnnolctam,  PJL 

Paynudeaui,  De§k.  tpinuloium,  PJL 

Mmggiori,  PIL  acuticottatam,  PJL. 

inrricnU,  Broc.  putfllnm,  PJL 

Renieri,  Scae.  exile,  PJL 

carinatum,  Bh.JIL  Columbella  Greeit  •^A. 

Cancellaria  hirta,  Broc.  Mitra  capreniiia,  Broe, 

ooronata,  Seme.  Voluta  rarispina,  Ijum. 

Fusus  longiroster,  Broe.  ADdllaria  obaoleta,  Broe. 

clavatus,  Broe.  Conns  Brocchii,  Hli^i—, 

•ealarif ,  Broe.  demisras,  PJL 

rui^  PA.  Dentalinm  Mxangiiliua,  Owl 

politus,  Ren,  mnltistriatnm,  JfmJL 

Murex  vaginatos,  J>e  Or.  ei  J.  fulcatnm.  Lam. 

muHilamelloaus,  Ph.  inbttnatiim,  DmJL 

Chenopns  pet  gracnli,  Bromu  tetragonmn,  Broe. 

desdsoensy  PA.  incertnm,  BeoJL 

Strombus  coronatus,  D/ir.  coarctatiim,  X«m. 

Cauidaria  striata,  Sow.  striatnm,  L&m, 

Purpura  cydopum,  PA.  triqnetmm,  Broe. 

Buccinum  serratum,  Broe.  OTnlnm,  PA. 
musivum,  Broe. 

Cirripeda. 

Chthalamns  gigas.  Pollidpet  carinatm. 

We  have  therefore  the  following  result : — 

Of  231  tertiary  Conchifera  ...    77,  or  29  per  cent,  are  eztiiiet. 
„     13      „      Brachiopoda...      7,  „  54        „  „ 

„      5       „      Pteropoda None. 

„  322      „      Gasteropoda...  107,  or  31  per  cent,  are  eztiBet. 
„      5       „      Cirripeda 2  „ 

Of  576  tertiary  MoUnsca 193,  or  33  per  cent,  are  eztiiict. 

Amongst  the  fossil  special  there  are,  however,  several  which  exist 
in  other  seas,  although  they  are  no  longer  met  with  in  the  Mediter- 
ranean.    The  following  is  a  list  of  these  species : — 

Mya  truneaia,  L.    Greenland,  the  whole  of  the  North  Atlantie  Ocean,  and,  ac- 
cording to  Brocchi,  Tuscany. 
Lutraria  toletuddet,  Lam.    The  French  coast,  &c. 
Tellina  eroita,  L.    The  North  Sea. 
Lucma  eolumdeOa,  Lam.    Senegal. 
L.  pennsyhaniea,  h.    The  coast  of  America. 
Cyprma  Ulandiea,  L.    The  North  Sea,  Iceland,  Canada. 
Cardium  hiant,  Broc.    The  warm  seas— Algiers. 
Lima  buUaia,  Turton.    The  North  Sea. 
Pecten  mediut.  Lam.    The  Red  Sea. 
Ottrea  eduJit,  L.    The  North  Sea. 
PateUa  vulgaia,  L.    The  North  Sea. 
Niio  ierebeUufHt  Chemn.    The  Nicobar  Islands. 
Vermetut  mtoriui,  Lamk.    The  Antilles. 
TrochuM  airigotWt  Om.    The  Coast  of  Morocco. 
Fusut  eontrariuif  L.    The  North  Atlantic  Ocean. 
Buccinum  undatum,  L.    The  North  Atlantic  Ocean. 
Terebra/uteaia,  Broc.     Senegal. 
DentaHum  eJepjianttnum^  L.    The  Indian  Seas. 
D,  muUistriatum,  Desh.    The  Indian  Seas  ? 
D.  coarctatwn^  Lamk.    The  English  Channel. 
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Of  the  species  ceminon  to  the  tertiaiy  period  and  the  present 
time,  there  are  thus  only  20  which  do  not  inhabit  that  part  of  the 
Mediterranean  which  washes  the  coast  of  South  Italy ;  and  we  may 
hence  already  conclude  with  some  confidence  that  the  climate  at  the 
period  in  question  could  not  have  been  very  different  from  what  it 
b  now. 

But  we  have  yet  to  consider  the  case  of  the  193  extinct  species, 
since  it  is  possible  that  these  may  either,  on  the  one  hand,  indicate 
an  arctic  climate,  corresponding  with  that  assumed  by  the  glacial 
theorists,  or,  on  the  other  hand,  they  may  have  required  a  still 
warmer  climate  than  we  now  find.  It  needs,  however,  merely  a 
glance  at  the  foregoing  list  to  show  that  neither  of  these  cases  can 
be  the  true  one. 

The  species  Asperpillum  maniculatumy  Pema  Soldanii,  PUcatula 
fnytiUnay  Strombus  coranatuSy  Terebra  fusca^  T.  duplicatay  Valuta 
rarispinay  Ancillaria  obsoieta,  will  be  especially  and  immediately 
recognised  as  indicating  a  warmer  climate,  since  no  species  of  any 
of  these  genera  occur  in  the  temperate  zone  of  the  northern  hemi- 
sphere; and  there  is  no  doubt  that  Cytherea  kunellasa  has  its  nearest 
analogue  in  C  cygnuSy  whose  habitat  is  in  the  neighbourhood  of 
Canton,  and  not,  as  Deshayes  has  imagined,  in  the  Mediterranean. 

But,  again,  the  number  both  of  existing  and  extinct  species  that 
seem  to  point  to  a  warmer  climate  is  very  inconsiderable  compared 
with  the  whole  number  of  species,  and  is  counterbalanced  by  an- 
other group,  such  as  Mya  truncatay  Cyprina  isiandica,  Fusus  con^ 
trariusy  &C.,  confined  at  present  to  the  colder  seas ;  so  that  we  may 
fairly  assume  as  an  incontrovertible  fact,  that  during  the  tertiary 
period  in  South  Italy  the  climate  was  neither  much  warmer  nor  much 
colder  than  it  is  at  present.  And  it  cannot  be  considered  as  a  serious 
objection  to  this  conclusion,  that  elephants,  rhinoceroses  and  hippo- 
potamuses have  inhabited  Sicily  either  during,  or  more  recently  than 
the  tertiary  period,  since  species  of  these  animals,  distinct  from 
those  which  are  now  met  with  in  warmer  latitudes,  might  well  exist 
in  the  present  climate  of  Sicily.  We  shall  see  presently  that  the 
palaeontological  relations  do  not  allow  us  to  admit  of  any  demarca- 
tion between  the  tertiary  period  and  the  periods  of  the  diluvium 
and  alluvium. 

3.  Differences  with  regard  to  species  common  to  both  periods. 

If,  in  the  next  place,  we  consider  the  relative  abundance  of  dif- 
ferent species,  in  which  the  physiognomy,  so  to  speak,  of  the  mol- 
luscous fauna  consists,  we  find  that  several  species  were  equally 
common  in  the  existing  seas  and  during  the  tertiary  period,  but  that 
a  considerable  number  which  were  formerly  very  abundant  are  now 
rare,  or  have  actually  become  extinct,  while,  on  the  other  hand,  many 
which  were  then  rare,  or  had  not  been  introduced,  are  now  common. 
In  the  following  lists,  the  species  printed  in  italics  belong  to  the 
former  group, — that  which  includes  those  once  abundant,  but  now 
extinct 


Turritell 

Cerithinm  ▼nlgatmn. 

lima. 
Buocinum  nurtabae. 
Dentalium  dentalis. 
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The  following  species  were  common  during  the  two  periods:— 

Canlium  echinmtum.  Troehoi  oonoliis. 

taberculattun. 

edule. 

papillMum. 
Pectunculus  TiolftBcent. 
Nucula  margariticea. 
Pecten  Jacobeui. 

opercularis. 

Ttrius. 
Natica  millepunctaU. 

The  following  were  common  during  the  tertiary  period,  but  irc 

now  rare  or  extinct : — 

Solen  coarcUtnt. 
PMunmobia  feroensis. 
Diplodonu  rotundata. 
Lacina  radula. 
Venus  radiata. 

veiuki, 
Pectunculus  mmutui. 
Natica  sordida. 
Trochus  erupui. 


Trochas  i 
Fusiu  roatratus. 
Pleurotoma  ^mndimhamj  &e. 
Morei  vagmmiwg. 
BuodDtiiii  aemigirimtumu 
MargineUa  anricultta. 
Dentalium  ttriaimm. 

stranguhitnm* 


The  following  are  now  abundant,  but  either  did  not  exist,  or  were 
extremely  rare  during  the  tertiary  period.  The  species  marked  with 
an  asterisk  in  the  succeeding  list  are  not  known  in  a  fossil  state -.^ 

*Fi8surdla  i 


Pholas  dactylus. 
Solen  legumen. 
Mactra  stultorum. 
*Pandora  flexuosa. 
Psammobia  florida. 
Tellina  planata. 

tenuis. 
Lucina  lactea. 
Donax  trunculus. 

semistriata. 

venusta. 

coroplanata. 
Venus  gallina. 

decussata. 

*geograpbica. 

♦laeta,  PoH. 
CardiU  calyculata. 

trapezia. 
Chama  gryphoidcs. 
Modiola  barbata. 
Mytilus  minimus. 
Lima  inilata. 

squamosa. 
Pecten  hyalinus. 
Spondylus  gaederopus. 
Patella  scutellaris,  Blainv. 

casrulea,  A. 

tarentina,  O. 
Gadinia  Garnoti. 


gibba. 
Bulla  striata. 
*Rissoa  Tiolacea. 

*aurisca]piiuiL. 

♦fulva. 
Haliotis  tuberculata. 
*Ianthina  bioolor. 

*nitens. 
*Trochus  gprannlatua. 

fragarioides. 

fanulum. 

canaliculatiis. 

RichardL 

AdansonL 

nmbilicaris. 
♦Turbo  neritoidea,  L. 
Pleurotoma  purpureum. 

♦taeniatum,  &c 
Fasciolaria  lignarla. 
Tritonium  nodiferum. 

*cutaceum. 
Buccinum  variabile. 

Pusio. 

d'Orbignyi. 
Columbella  mstica. 
*Cypnea  lurida. 

rufa. 

♦pulex. 


Concerning  these,  we  may  remark  that  the  most  abundant,  is 
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Venus  ffeographicoy  V,  lata,  Poll,  Turbo  nerUoidei,  &c^  did  not 
exist  during  the  tertiary  period. 

It  may  be  stated  as  a  general  rule,  that  the  differences  observable 
between  recent  and  fossil  individuals  of  the  same  species  are  not 
greater  than  we  find  in  the  case  of  recent  specimens,  so  that  we  may 
often  be  in  doubt  whether  a  particular  specimen  is  fossil  or  not.  This 
is  especially  the  case  with  shells  obtained  from  the  clay  of  Abbate, 
near  Palermo,  which  are  washed  out  by  the  sea,  and  are  often  taken 
to  serve  as  the  temporary  habitation  of  the  hermit  crabs.  These 
species  are  often  remarkably  well  preserved,  and  there  is  some  ex- 
cuse for  their  being  occasionally  mistaken  for  recent  specimens. 
This  has  happened,  for  instance,  to  those  conchologists  who,  with 
Linnaeus,  have  described  Dentalium  eUpharUinum  as  a  Sicilian  spe- 
cies ;  and  also  in  the  case  of  M.  Kiener,  who  represented  Murex 
vaginatu$  as  living  ;  and  it  is  a  matter  of  serious  complaint  that  he 
allowed  himself  to  change  its  name. 

It  is  notwithstanding  worthy  of  note*  that  several  species  seem  to 
have  attained  a  larger  size  in  former  periods  than  at  present,  and 
this  is  especially  the  case  with  regard  to  Lucina  radula,  L.fraffiUsy 
Cytherea  rudisy  Poli,  Venus  radiatay  Cardium  Deshayesiiy  C.  pa- 
pillosum, MytUus  edulisy  Pileopsis  ungaricOf  Turriima  commi^isj 
and  T.  triplicata.  This  list  indeed  I  could  increase  still  further,  (in 
my  *  Enumeratio'  I  have  always  given  the  dimensions  of  the  fossil 
and  living  fonns  when  they  exhibited  any  marked  difference,)  but 
the  greater  number  of  the  species  agree  accurately  in  point  of  size, 
while  it  is  remarkable  that  some,  though  but  few,  were  smaller  du- 
ring the  tertiary  period  than  they  are  at  present.  This  is  the  case 
with  BuUa  lignaria  and  Terdnxxiula  vUreOy  which  formerly  did  not 
attain  half  the  size  that  they  do  now ;  and  next  to  them  we  may 
mention  Corbula  nucleus.  One  can  hardly  conie  to  any  other  con- 
clusions from  these  facts,  than  that  formerly  the*conditions  with  re- 
gard to  number,  locality,  sea-bottom,  &c.  were  more  favourable  for 
the  development  and  growth  of  some  species,  and  less  so  with  regard 
to  another  and  much  smaller  group ;  but  that  in  general  these  condi- 
tions were  very  similar  to  those  that  obtain  at  present 

4.  The  Distribution  of  Species,  and  considerations  with  regard  to 
Subdivisions  of  the  Tertiary  period. 

The  fossib  are  for  the  most  part  principally  abundant  in  clay,  marl 
and  shelly  sand  ;  but  it  is  of  no  consequence  in  the  present  discussion 
what  may  be  the  lithological  character  of  particular  localities,  since 
the  same  species  occur  in  clay  and  shelly  sand,  and  even  in  com- 
pact limestone, — as  may  be  seen,  for  example,  very  clearly  near 
Palermo, — just  as  at  present  we  find,  on  the  whole,  the  same  species 
on  a  sandy  and  muddy  part  of  the  coast  Moreover,  the  geological 
relations,  so  far  as  Sicily  is  concerned,  have  been  described  most 
fully  by  the  late  M.  Hoffmann  * ;  and  the  relations  of  the  tertiary 

*  See  his  *  Geognostiache  Beobachtungen  gesammelt  aof  einer  Reise  durch 
ItAlien  und  Sidlien,'  Berlin  1839. 
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Strata  of  Calabria,  I  iotend  myself  to  describe  in  detail :  meu- 
while  their  extent  may  be  judged  of  by  an  examination  of  the  map 
given  by  M.  von  Tehihatcheff,  which  ia  copied  with  great  accu- 
racy from  my  original  drawing  f- 

Commencing  with  Sicily,  we  may  include  in  one  group  the  iieigb- 
bourhood  of  Succheri,  Caltagirone,  Caltaniasetta,  CastrogioYaniii, 
Girgenti,  Piazza,  Sortino,  MeUlli  and  Syracuse.  The  following  fos- 
sils are  found  in  these  localities  I. 


coarcutai  ,...„.. 
Solecunnj  strigilatm.. 

CorbiilA  n  ucteus  ...>.., 


TelliiiA  doDBciBS  ..i..., 
pulcheLla    ^^^^r*—. 

Lticim  ipifios*  >.,44*.k.. 
*coluiiibellA    ,.,«*« 

Donai  vtmiiitritta ...... 

Att«rte  incrvKoU  *^,*>^ 
♦Cypritii  ULandicA...... 

C  Jibe  ret  eiolcU    .»«,.. 

nidit  , ..>4,<.. 

Cynm     -.. 

lmci&  »*.. 

mtdiitamtUtt  < 

Venut  BfniiiM  .., .1*^ 

Tf^micois    

gmLLitiA     »«^k..«^,... 

ndimU 

Ctrdium  tubefrnktam 

ruiticom* 

ciliATe. i....... 

In^Tigmtum  .,....,,. 

echinatum  .,..,.... 

Iiocftrdim  cor ,♦ 

C»rdita  iuLcaU  <<^. ...*.. 

ftciileatl ...... 

ArcadiluTii    *.... 

NOK    ,. «... 

btrbaim  *«^..»,i..«... 


i 


I 


il 


t  See  the  '  Coup  d'oeil  sur  It  Constitution  G^logique  des  Provinees  M^ 
diontles  du  roytume  de  Ntples/  ptr  M.  de  Tchihatchetr. 

t  The  species  printed  in  HoUcm  tre  extinct,  tod  those  not  now  wkci  with  in  tk 
neighbouring  district  of  the  Mediterrtnetn  tre  mtrked  with  an  asteridL  (*). 
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Xrctt  BrevtaJti    ..«...*.» 

PectuDculm  ^lydmtirii 

ptlwui    ««...«<.*.., 

tturihit   .«.  ..»  .,. 

ATicuL&  tftrctitmB  ....*. 
Modiolft  incmrca/d  ,>»,>. 
Puin«  ip*  „„**,.,>.».,. 
PianA  ip,  »t. >**..***'.** 
Pecten  taHummtt  hab.  Astit) 

jfAM^fti.^.., ...... 

Jacobscui    ..... 

operctilint  ....* 

aApentv  ...*.... 

v»iiut 

pusio  «.... 

criwtatniM     ..... 
Adomit  ephippiiua 

polyiDorph^    ^^ 
Ostreaplkatula..,., 

critUti   .,....*< 

cochlear  .,».i.««* 

UnieUdu    

TerebratulA  ^rottJit 

bipariiia .., 

Bulla  Atxiaia  

iWii   >..^-....., 
Crepiduli  utiniifc 
Calyptnea  Wigtm    *. 
*Ni30  terebdlmo  ,..., 
N&tica  millepunctrntA ., 

Bordida    ........... 

Sealma  platiJcoit^.... 

Trochui  pa  tuhit     « .* , 

iQi^iia     ,.,.«*.,... 

njfO«iis  

MotiodDntft<:cimQina., 
ToiritdU  communu  .< 

triplic&U... ........ 

tomats  ,...*,.,..., 

cwrnitctiiam  «,.... 

C«nthmin  pulthellau) 
Pleun>tom«  raiaphr^eium.^, 

CAnccll&iia  Atr /a    ...... 

Fueua  «jrncuflaiLUi . ..... 
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1 

"& 

f 

3 

1 

1 1 

'i 

1! 

7l^t|H  IH^Il^li^    I  ■■■■■^■■^■■■■i  *■■ 

— 

— 

— 

li^MrinA       --t—t 

_ 

_ 

— 

— 

Iniriciiliis     ...«**.  IT.  **P><- 

Trikmiam  corrngitiim  * 

Chcno^UA  pet  ffracfdi 

uci  i>clicuii    «»* 

Stptniibiii  CQrtr$iaiiu  t*****^^^ 

PuTDuri  cveiotfttm  >»•**»*. .<^^ 

Buc€inuni  gibbo^iilaM  ,*.... 

Af^imu     T-i*f+x,.-,.*. 

pmnuticum  .**..«,•,„* 

MrroliMi    ^,«.*,,. ..„.,. 

reticulitnm     ,,,^.»^..».4 

mtttAbile «.,.^i 

icripttim     ...».4,»,i,%^<^. 

Ter^bn  fhtpiicota 

Mitra  corDCA    ...*****.. 

Volut«inar%^    

RiDgicult  iuriculit& 

Ancillihi  o>frMle/fl ,„ 

Cimwk  BroeekU 

detniiBui     .*,».*„,»»».„ 

Delicti)  ym  wxat^uhtm 

*UqU1U  .„. 

*Gleph«ntiaum  

ttrmtmm 

Btltaui  tulip«    .....*.-, 

perfbntuA  ..t...,t«t„,.,. 

1 

biJatiOiiflf* , ..*. 

1    1 

! 

-i 

From  the  localities  above  referred  to,  which  for  convenience  itake 
I  will  designate  h&  Central  Sicily,  there  are  on  the  whole  1 24  species, 
of  which  only  40  (32  per  cent)  are  unknown  as  Mediterraneaa 
species,  and  only  35  (2B  per  cent.)  are  absolutely  extinct. 

If  we  take  the  separate  localities,  we  find  at 


Total  ifrtci^. 

Sp«i«iioti»wmM«di- 

lluocherj^, «,„..»«., ,«.,*» 

41 
14 

40 
18 
21 

U,  0T34percefit 
fi^orSe       „ 

l»,or33       ,, 
8,  or  to      „ 
8.orfiO      „ 
5.  or  45       „ 

If^or^pcrcwil. 
4,  or  30 

lO,orS9        Z 
«,  or  U        Z 
».or&0        " 
5<or«5        Z 

Ciltagirone 

CdlaniAKttl  ,.«.» 

GLrgcnti  .**.•,.*., ,„ 

Sortina .* 

S]rr««UM    „ 

PHILIPPI  S  COMPARATIVE  TABLES  OF  MOLLU8CA. 


IS 


At  Palermo  there  have  been  found  279  species  fossil,  the  names 
of  which  there  is  not  here  space  to  record,  but  they  will  be  seen  in 
my  '  Enumeratio,'  vol.  ii.  pp.  258,  259.  The  following  is  a  general 
statement  of  the  result : — 


136  Conchifera 

39,  or  29  per  cent. 

0 
29,  „  «1       .. 

34,  or  26  per  cent. 

0 
27,  „  20       „ 

4  Brachiopoda   

6  PteroDoda  

136  Gasteropoda  ......... 

279  MolluBca 

70,  or  25  per  cent. 

63,  or  28  per  cent. 

At  Messina  166  species  have  been  collected,  chiefly  by  M.  Otto 
(Enum.  vol.  ii.  pp.  259, 260).   The  following  is  the  result :— 


66  Conchifera 

9,  or  16  per  cent.* 

16,  „  16       „ 
2 

9,  or  16  per  cent 
15.  „  15       H 

6  Brachiopoda   

100  Gasteropoda   

4Girripeda 

166  Molloaca 

29,  or  17  per  cent. 

28,  or  17  per  cent. 

Near  Militello,  as  well  in  the  basaltic  tufa  as  in  the  Cava  di  Fos- 
chega.  Cava  de'  Monaci,  between  Militello  and  Palagonia,  there  are 
132  species,  whence  we  obtain  the  following  table.  (See  Enumer. 
voLii.  pp.260,  261.) 


61  Conchifera 

8,  or  13  per  cent. 
10,  „  16       „ 

7,  or  11  per  cent. 
9,  „  13       „ 

2  BrachioDoda 

fS9  f^^ftfttAmnndA    

132  Mollusca 

20,  or  15  per  cent. 

18,  or  14  per  cent. 

Near  Sciacca  65  species  have  been  found  (Enumer.  vol.  ii.  p.  261 )» 
of  which  7  (1 1  per  cent.)  are  not  now  in  the  Mediterranean,  and  4 
(6  per  cent.)  are  extinct. 


From  Cefali  close  to  Catania  we  have  109  spedes  (L  e.  p.  262),  of 
which  4*3  are  Conchifera  and  66  Gasteropoda.  Three  of  Uie  former 
(9  per  cent.),  and  six  of  the  latter,  also  9  per  cent,  are  absent  in  the 
neighbouring  seas,  while  two  of  the  former  and  all  the  latter  six  are 
extinct :  we  have  therefore  9  per  cent  locally  and  8  per  cent  abso- 
lutely extinct 
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At  Nizetti,  Dot  far  from  Aci  Castello,  76  species  have  been  col- 
lected (L  c,  p.  262).  The  following  is  the  result  of  comparison :— 


26  Conchiferft   

1,  or  4  per  cent. 
4,  „  8       ^ 

0,  or  0  per  cent 
4.  ..  8 

50  Gtsteropoda...... 

76MoIlasca  

6,  or  6  per  cent. 

4,  or  5  per  eent 

Near  Melazzo,  of  98  species  (/.  e.  p.  263)  we  have  4  (4  per  cent) 
absent  in  the  Mediterranean,  and  three  totally  extioct.  Betwe^i 
Stilo  and  M onasterace  in  Calabria,  and  near  the  latter  place,  I 
hastily  collected  22  species  *,  of  which  17  (77  per  cent.)  are  extinct; 
and  in  the  district  of  Calabria  between  Catanzars  and  the  andent 
Crotona  near  Cutro,  SL  Mauro,  Sta  Severina,  Scandali,  and  eren 
Crotona,  I  collected  69  species  (L  e.  pp.  263,  264),  of  which  82  (46 
per  cent.)  are  not  now  Nlediterranean  species,  and  30  (43  per  cent) 
are  extinct 


In  the  upper  part  of  Reggio  near  the  spot  *  ai  Nasiti/  and  near  the 
village  of  Terreti,  about  two  or  three  leagues  from  the  shore,  and  at 
a  height  above  the  sea  varying  from  1500  to  1800  feet,  I  found  24 
species  (/.  c.  p.  264),  of  which  1 1  (50  per  cent.)  are  absent  from  the 
Mediterranean,  while  9  (40  per  cent)  are  extinct 

In  the  valley  of  Lamato,  below  Tiriolo  and  near  the  hiffh  road,  we 
have  107  species,  including  in  this  group  28  marked  by  M.  Scaochi 
only  as  from  the  Gulf  of  Euphemia  (L  c,  pp.  264,  265).     Of  these 


52  Conchifera 

19,  or  87  per  cent 
3 
19,  n  87       „ 

19,  or  37  per  cent. 
18.  M  35       , 

3  Bmchiopoda  ....t.-t- 

52  Gasteropoda  

107MoUiuca 

41,  or  38  per  cent 

40,  or  38  per  cent 

Near  his  native  city  of  Gravina  in  Apulia,  M.  Scacchi  has  ool* 
lected  173  species  (/.  c,  p.  265).    Of  these 


Species  BOW  eztinet. 

91  Conchifera 

19,  or  20  per  cent. 
24,  „  80       „ 

i;.  or  17  per  cent. 

82  Gasteropoda   

173 

43,  or  25  per  cent. 

38.  or  22i  per  cent 

*  Enum.  vol.  ii.  p.  264. 
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Near  Pezzo,  a  couple  of  leagues  north  of  Reggio  and  opposite 
Messina,  I  have  found  82  Mollusca  (/.  c.  p.  266),  and  of  these  15  are 
absent  from  the  Mediterranean  and  totally  extinct  This  amounts 
to  18  per  cent. 

About  a  league  and  a  half  from  Reggio,  at  a  place  called  Carrub* 
bare,  I  found  129  species  (/.  e,  p.  266). 


65  Conchiferm 

8,  or  121  per  cent 

7t    M     11               H 

7,  or  10  per  cent 
7,  .,  11       o 

64  GftstemnodA    .■.•.«.*t 

129MoUuioa 

15,  M  1«        » 

14,  or  11  per  cent 

Near  Monteleone,  in  the  sand-pits  east  of  the  town,  about  900  feet 
above  the  sea,  have  been  obtained  59  species  (L  e,  p.  267),  of  which 
6  (10  per  cent)  are  not  now  in  the  Mediterranean,  and  5  (8^  per 
cent)  are  extinct 

Near  Tarento  M.  Scacchi  and  myself  have  found  162  species 
(/.  c.  pp.  267,  268)  ;  of  these  9  species  (about  5^  per  cent)  are  not 
now  in  the  Mediterranean,  and  are  not  known  in  other  seas. 


In  the  island  of  Ischia  we  found  156  species  (/.  c.  pp.  268,  269), 
consisting  of  60  Conchifera  and  2  Pteropoda,  all  referable  to  exbting 
species,  one  extinct  Brachiopod,  and  93  Gasteropoda,  of  which  one 
is  also  extinct  Of  the  156  therefore,  two  species  (about  l^rd  per 
cent)  are  extinct  All  the  existing  species  are  found  in  the  a4ja- 
cent  seas. 

On  the  coast  at  Pozzuoli,  not  far  from  Monte  Nnovo,  at  thf  height 
of  70  or  80  feet  above  the  sea,  a  number  of  species  have  been  ob- 
tained and  described  by  M.  Scacchi*,  and  to  his  list  I  am  enabled  to 
make  several  additions  f. 

Of  the  whole  number  thus  obtained,  which  amounts  to  99,  not  one 
species  is  extinct,  and  only  one,  Pecten  mediust  found  in  the  Red  Sea, 
is  absent  from  the  Mediterranean,  even  this  being  a  doubtful  case. 
Notwithstanding  this,  the  condition  of  the  sea  must  have  been  consi* 
derably  different  from  its  present  state  when  these  beds  were  depo- 
sited ;  for  TelHna  Uriata  was  then  common  but  b  now  rare ;  Lucina 
spinosa  was  both  more  abundant  and  grew  to  a  lareer  size ;  Lucina 
fragilisy  now  rare  and  hardly  measuring  6  lines,  then  attained  the 
enormous  dimensions  of  14*  lines,  and  was  extremely  abundant ;  and 
Ostrea  hmeilosoy  Broc,  no  longer  obtained  near  Naples,  existed  at 
that  time,  and  attained  a  size  so  large  that  one  lower  valve  measures 

*  Autologis  di  Scienze  Natorali,  p.  46. 
t  Bnumer.  vol.  iL  p.  269. 
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5  inches  9  lines  in  length,  4  inches  in  breadth,  ao  inch  and  a  half  id 
thickness,  and  weighed  26^  ounces. 

Lastly,  in  the  town  of  Pozzuoli  itself,  when  the  foundations  fortbe 
hospital  were  dug  in  1832  at  the  height  of  25  feet  above  the  sea  and 
22  feet  below  the  present  surface,  103  species  were  found  (EDomer. 
vol.  ii.  p.  270),  not  one  of  which  belongs  to  a  species  either  entirely  or 
locally  extinct,  although  in  this  case  also  there  was  by  no  means  as 
identity  in  the  condition  of  the  sea  with  that  which  exists  at  present, 
since  Corbula  nucleus  and  DiplocUmia  rotundaia  (the  latter  of  wkick 
I  have  never  found  near  Naples)  were  far  more  abundant  than  ihej 
are  now,  while  Venus  Leta^  Poli  (non  L.),  Donctx  inmcuiuSj  MylUm 
minimus  and  others  appear  to  have  been  less  abundant  than  they  aie 
now. 


If  now  we  place  these  different  localities  in  the  order  of  the  pro- 
portion they  exhibit  between  extinct  and  existing  species,  placing 
first  those  places  which  contain  the  greatest  number  of  extinct  spe- 
cies, we  shall  obtain  them  in  the  order  of  date  of  their  deposit,  sioc« 
we  may  fairly  conclude  that  those  placed  at  the  head  of  oar  list  are 
of  the  earliest  formation. 


Not  now  in  the  Mediter- 


Now 


1 


Monasterace  

Sortino   

Cotroiui,  CutrOy  &c 

Naseti     

Lamato  Valley  

Caltagirone 

Central  Sicily     

Buccheri    

CalUnissetta  

Syracuse     

Palermo 

Gravina 

Pezzo 

Messina 

Girgenti 

MiHtcUo     

Carrubbare  near  Reggio    , 

Monteleone    

Cefali  near  Catania    

Sciacca  

Tarento  

Nizzeti  near  Catania  

Melazzo 

Ischia     

Coast  near  Monte  Nuovo  . 
Pozzuoli 


77  per 
53 
46 
50 
37 
38 
34 
34 
34 
25 
25 
25 
18 
17 
20 
15 
11 
10 
9 
11 

6 

4 

li 

1 

0 


cent. 


77  percent. 

M  „ 

43  „ 

40  „ 

35  „ 

30  „ 

S  :: 

W  " 


It  appears  therefore  manifest  that  the  passage  from  the  tertiary 
period  to  the  present  has  been  perfectly  gradual,  and  that,  without  the 
intervention  of  any  convulsion  or  abrupt  change,  certain  species  have 
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from  time  to  time  died  out,  and  others  have  been  introduced,  until 
at  length  the  existing  fauna  was  elaborated. 

We  arc  unable  to  make  any  subdivisions  in  the  tertiary  formations 
of  South  Italy,  for  we  cannot  trace  the  limits  which  separate  the 
tertiary  from  the  diluvial  or  the  diluvial  from  the  existing  period ; 
neither  can  we  make  use  of  the  terms  eocene,  miocene  and  pliocene 
with  reference  to  the  South  Italian  deposits  so  far  as  these  expres- 
sions refer  to  a  per-centage  of  extinct  to  existing  species,  and  we 
would  suggest  that  such  terms  are  also  uncertain  and  arbitrary  with 
regard  to  other  districts. 

Finally,  we  conclude  with  the  greatest  confidence,  that  the  tertiary 
formations  of  South  Italy  were  not  elevated  above  the  sea  at  any 
one  time,  but  that  they  exhibit  the  result  of  numerous  and  re- 
peated elevations  which  have  been  continued  until  the  historical 
period. 

D.T.A. 


2.  On  ifte  Cretaceous  Formation  of  Saxony  and  Bohemia. 
By  Dr.  Hans  Bruno  Geinitz. 

The  cretaceous  deposits  of  Saxony  and  Bohemia  include  the  beds 
known  by  the  terms  Plaener-kalk  and  Quader-sandstein.  The 
discovery  made  a  few  years  since  by  M.  Naumann,  that  the  interven- 
tion of  the  *  Planer  *  separated  the  *  Quader  *  into  two  parts,  is  fully 
confirmed  by  observations  in  Saxony  and  Bohemia;  and,  according 
to  M.  Glocker,  Moravia  exhibits  additional  evidence  to  the  same 
effect. 

The  word  Planer  is  commonly  applied  in  Saxony  to  any  laminated 
rock,  but  more  especially  to  the  one  now  designated  by  that  name 
amongst  geologists.     In  Bohemia  it  is  called  *  Opuka* 

The  Planer  being  divisible  into  three  parts,  the  upper,  middle 
and  lower,  we  thus  have  the  cretaceous  series  in  these  countries 
made  up  of  the  following  five  members  in  order  of  superposition  : — 

5.  Upper  Quader-sandstone. 

4.  Upper  Planer  (Planer  limestone). 

3.  Middle  Planer  (Pliiner  sandstone  and  marl). 

2.  Lower  Planer. 

1.  Lower  Quader-sandstone. 

1.  The  Lower  Qtuider  is  a  coarse  sandstone  of  loose  texture, 
varying  in  colour  from  white  through  ochrey  yellow  to  red  or  green. 
The  cementing  material  is  calcareous,  and  the  bed  is  tolerably  fos- 
siliferous,  especially  in  the  lower  parts ;  but  its  upper  portion  is  of 
still  looser  texture,  and  contains  few  fossils.  It  extends  from  the 
neighbourhood  of  Dresden,  where  it  is  well-seen,  chiefly  on  the  left 
bank  of  the  Elbe  as  far  as  Pirna,  and  supplies  an  admirable  building 
material.  The  same  bed  probably  extends  from  Pirna  to  Tetschen  and 
Konigstein,  and  occurs  also  at  Tyssa.  Parts  of  the  Saxon  Switzer- 
land also  belong  to  this  formation,  although  on  the  right  bank  of  the 
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Elbe  the  upper  Quader  is  chiefly  developed,  and  beyoDd  Schiodu 
tlie  two  in(>nibers  of  the  formation  are  both  found.  The  followinf 
are  the  most  common  and  characteristic  fossils  of  the  lowerQuader:— 

Serpula  scpteni sulcata,  Reich.  Inoceramas  concentricus,  Sme. 

Ammonites  Rhotomagensis,  D^,  striatas. 

Cardium  Neptuni,  Gol4f.  Pecten  aequiooitmtut  ?  Lmm. 

dubium,  Gem.  arcuatiis.  Sow* 

Hillanum,  Sow.  Fungia  coronuU,  GoU, 

Sc]rphia  subreticulata,  Mwu. 

2.  The  Lotoer  Planer  varies  in  appearance  more  than  the  oikr 
members  of  the  formation,  being  affected  by  the  underlying  rocb ; 
and  it  is  tlius  sometimes  a  good  deal  like  the  marly  sandstone  of  the 
lower  Quader,  from  which  it  is  chiefly  distinguished  by  its  finer 
texture  and  greater  compactness.  It  is  best  characterixed  by  a  Hifh 
purite  schist  associated  with  it,  and  besides  the  Hippurites  the  fol- 
lowing fossils  are  very  abundant : — 

Spondylus  striatus,  Sow.  Terebratnla  galluui,  Brtmg. 
Pecten  crispus,  Rom.  triangnlaris,  Atbt. 

notal)ili8,  Mun.  ovoides,  Sow. 

Lima  aspera,  Mant.  Cidaris  claTiger,  MmU. 
£xog:)'ra  haliotoidea,  Sow, 

3.  The  Middle  Planer, — This  bed  sometimes  appears  as  Planer' 
sandstone,  and  sometimes  as  Planer-marl,  according  to  the  propor- 
tion of  carbonate  of  lime  which  it  contains,  a  proportion  which  occt- 
sionally  amounts  to  as  much  as  45  per  cent.  Its  lithological  cha- 
racter likewise  changes  in  the  same  way,  exhibiting  a  variable  ad- 
mixture of  limestone,  sand  and  clay,  and  occasionally  lignite  and 
iron  ochre.  It  is  distinguished  from  the  lower  Quader  by  the  fine- 
ness of  its  grain  as  a  sandstone,  and  its  frequent  yellowish  and 
bluish  spots.  It  is  generally  poor  in  fossils,  but  in  some  places,  ts 
near  Luscliitz  in  Bohemia,  contains  a  considerable  number.  The 
following  is  a  list  of  those  which  are  characteristic : — 

Delemnites  minimus,  Li9t.  Exogyra  plicatola,  Ltum. 

Pectunciiltis  lens,  Niltt.  Ostrca  lateralit,  Mitt. 
Inoceramus  striatus,  Gold.  vesicularis,  Brot^g, 

concentricus,  Sow. 

4.  The  Planer-kalk  is  a  marly  limestone  of  a  clear  gray  colour, 
containing  about  75  per  cent,  of  carbonate  of  lime.  It  is  chiei? 
limited  in  Saxony  to  two  places — Weinbohla  and  Strehlen,  but  » 
more  widely  <?xtendo<l  in  Bohemia,  where  it  is  much  used  for  buminff. 
It  abounds  with  the  remains  of  flshos,  of  species  found  in  the  chalk, 
and  with  Cephalopoda  of  the  chalk-marl,  and  besides  these  con* 
tains — 

Inoceramus  Brong;niarti,  Park.  Terehratola  pisum.  Sow, 
annulatus,  Gold.  mantelluuia,  Sow, 

Cu\icri,  Sow.  octoplicata.  Sow. 

Spondylus  spinosus,  Gold.  ornata,  Rom, 

duplicatus,  Gold.  SpaUngus  cor-angainaui,  / 

Terebratula  scmi-globosa,  Sow,  Cidarites  granuloausy  QokL 
camea,  Sow, 
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5.  The  upper  Quader  occurs,  as  has  been  said,  on  the  right  bank 
of  the  Elbe,  in  the  Saxon  Switzerland,  but  it  is  extremely  poor  in 
organic  remains.  Of  those  that  are  found,  the  Pecten  lensy  Lam., 
seems  the  only  one  peculiar  to  it,  the  rest  being  found  also  in  the 
Planer-kalk  and  lower  Quader.  Like  this  latter  rock,  it  is  a  sand- 
stone of  tolerably  good  quality  in  some  diHtricts,  but  occasionally  of 
very  loose  texture  and  little  consolidated. 

A  comparison  of  the  fossils  shows,  that  of  370  species  determined, 
there  were  20  species  of  fishes,  2  of  insects,  5  of  Crustacea,  8  of  An- 
nelides,  37  Cephalopoda,  58  other  univalves,  180  bivalves,  15  Ra- 
diaria,  14  Polyparia,  18  Amorphozoa  and  17  plants.  Of  these  there 
are — 

Species. 

In  the  Lower  Qaader 148    (56  ip.  from  Tysss  alone.) 

„      Lower  Planer   120 

„      Middle  Planer  128    (51  „  from  Loschitz.) 

„      Upper  Planer    168  (148  „  from  Strehlen.) 

o      Upper  Quader  about    30 

Common  to  Lower  Quader  and  Lower  Planer  ...    54 
,,  ,,  and  Middle  Pl&ner...    40 

„  „  and  Upper  Planer  ...    35 

u  ,»  and  Upper  Qaader...    25 

M  LowerPlanerand  Middle  Planer  about    50 

„  „         and  Upper  Planer 29 

„  „         and  Upper  Quader 15 

„  Middle  Pl&ner  and  Upper  PliLner  ...    52 

„  H  tnd  Upper  Quader  ...      6 

tt         Upper  PlanerandUpp<»:Quaderabout    17 

The  results  of  the  investigations  and  comparisons  at  present  made 
on  this  subject,  as  recorded  in  my  '  Characteristik  der  Schichten 
und  Petrifacten  des  sachsisch-bOhmbchen  Kreidegebirges,'  are 
these : — 

That  the  Lower  Quader  represents  the  Lower  Greensand,  the 
Upper  Planer  the  lower  division  of  the  Upper  Greensand,  the  Middle 
Planer  the  upper  division  of  the  Upper  Greensand,  the  Upper  Planer 
the  Chalk,  and  the  Upper  Quader  the  Upper  Chalk. 

Such  then  are  the  relations  of  these  cretaceous  rocks  of  Saxony 
and  Bohemia,  interesting  and  important  by  their  extent  and  thick- 
ness, as  well  as  by  the  multitude  of  their  imbedded  fossils,  with  the 
greatly  developed  and  carefully  worked  formations  of  the  same  pe- 
riod in  England.  They  offer  an  additional  proof,  in  the  complete 
agreement  of  so  many  species  of  fossils  with  those  from  distant  spots 
in  Germany,  Poland,  France,  England  and  Sweden,  how  uniformly 
and  completely  what  is  now  an  entire  continent  must  have  cxistedi 
at  the  date  of  these  deposits,  as  the  bed  of  an  ocean. 

D.  T.A. 
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3.  On  ifie  Cystidea  (a  neto  family  of  radiated  animals^  inirodtued 
1/1/  an  Account  of  the  Caryocrinus  ornatus.  Say.  By  Barov 
Leopold  von  Buck,  For.  Mem.  G.S.,  &c. 

[From  the  Trausactions  of  the  Royal  Academy  of  Sciences  of  Beiiin.] 

(Plates  III.  and  IV.) 

In  the  year  1825,  there  appeared  in  the  Journal  of  the  Academy 
of  Natural  Science  of  Philadelphia*  (vol.  iv.  p.  9),  an  account  of  a 
genus  of  Crinoidea,  specimens  of  which  had  been  obtained  (throogk 
Dr.  Bigsby )  from  Lockport,  on  the  Lake  of  Ontario,  in  the  state  of 
New  York,  and  which  proved  to  be  altogether  distinct  from  all 
known  crinoidal  forms. 

This  description,  prepared  by  Thomas  Say,  one  of  the  most  acute 
of  tiie  American  naturadists,  and  accompanied  by  a  figure,  was  re- 
published in  the  autumn  of  the  same  year  in  the  '  London  Zoological 
Journal*  for  October,  and  the  name  Caryocrinite  has  since  beeQ 
admitted  amongst  the  genera  of  Crinoidea,  although  the  distinctive 
peculiarities  of  the  genus  have  hardly  attracted  notice.  De  Blainvilk, 
in  his  *  Actinologie*  (p. 263,  Atlas,  pi.  29.  fig.5),  gives  only  a  meagre 
and  incomplete  description  of  it,  and  refers  to  a  figure  (taken  from  a 
specimen  in  his  posse£>sion)  by  no  means  equal  in  clearness  to  that 
given  by  Say.  Bronn  also,  in  his  'Lethaea  Geognostica'  (p.  64), 
gives  a  short  description,  and  acknowledges  that  he  has  not  even 
seen  a  figure  of  the  fossil.  Since  then,  Castelnau,  in  his  *  Essai  sor 
le  Systeme  Silurien  dc  rAm6rique  Septentrionale'  (Pkris,  184*3),  has 
given  another  representation  (pi.  25.  tig.  2),  in  which  the  plates  and 
ambulacral  pores  are  indeed  shown  better  and  more  distinctly  than 
In  preceding  figures ;  but  the  essential  points  are  not  given,  for  we 
neither  find  any  trace  of  the  insertion  of  the  arms  (the  small  upper 
plate  appearing  entirely  to  inclose  the  animal),  nor  can  we  discover 
in  what  part  the  aperture  of  the  mouth  is  to  be  sought  for.  The 
accompanying  description  leaves  the  matter  in  the  same  state  of  ob- 
scurity ;  for  although  M.  de  Castelnau  has  established  a  multitude  of 
new  species,  he  has  merely  in  each  case  given  the  name,  not  stating  his 
reasons  for  putting  forward  these  names,  and  still  less  accompaDying 
them  with  a  proper  description. 

To  this  incompleteness  it  must  be  attributed  that  so  accurate  and 
careful  an  observer  as  M.  de  Verneuil  has  thought  it  necessary  to 
identify  the  Caryocrinus  ornatus  with  a  species  from  St.  Petersburg, 
described  by  me  under  the  name  Hemicosmites  piriformis* ;  and 
he  considers  that  as  one  of  the  two  names  must  drop,  that  given  by 
Say  ought  of  course  to  be  adopted  with  reference  to  the  Petenboxg 
fossil  f. 

The  conviction  that  it  was  impossible  to  group  together,  not 

*  Beitragc  8ur  Kcnntniss  der  Gebirgsformationen  in  Russland,  p.  32. 

t  In  the  *  Survey  of  the  Fourth  Geological  District  of  New  York/  by  Janes 
Hall  (Albany,  1843),  received  at  the  end  of  1844,  there  is  given  the  bestial 
clearest  figure  of  Caryocrinus  omatu»  hitherto  published,  exhibiting  very  cor- 
rectly the  arrangement  of  the  plates ;  but  this  figure  is  not  acoompuiied  by  a  ife> 
•cription,  and  many  of  the  most  remarkable  points  of  symmetry  in  the  i 
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merely  into  one  genus,  but  even  into  the  same  family,  animals  pro- 
vided with  numerous  arms  projecting  from  the  upper  part  of  a  cup- 
like  body,  and  those  unprovided  with  arms  and  completely  inclosed 
in  a  dome-shaped  habitation,  induced  me  to  undertake  a  new  and 
distinct  investigation  of  these  Caryocrinites,  of  which  there  are  now 
many  specimens  in  different  collections.  And  in  this,  as  in  every 
case  in  which  nature  is  examined,  so  many  extraordinary  phenomena 
have  presented  themselves,  such  strange  and  astonishing  symmetry 
appears  in  the  arrangement  of  the  separate  parts,  and  a  law,  appli- 
cable to  allied  forms,  and  teaching  the  mode  of  development  in  them, 
is  set  forth  so  clearly,  that  the  statement  of  it  cannot  but  excite  our 
admiration,  and  induce  a  great  desire  to  discover  and  developc  its 
most  minute  peculiarities.  For  the  object  of  natural  history  is  not 
to  multiply  species,  to  make  catalogues,  and  to  fill  collections  with 
names ;  but  rather  an  earnest  endeavour  so  to  unite  the  different 
forms  into  one  whole,  that  we  may  obtain  some  insight  into  the  my- 
stery and  the  object  of  life.  The  determination  of  species,  when 
properly  undertaken,  ought  to  teach  us  a  knowledge  of  the  cha- 
racters in  which  the  great  book  of  nature  is  written,  in  order  that 
we  may  read  what  is  there  laid  open  before  us  with  reference  to 
the  whole  subject. 

Say  has  given  a  very  clear  description  of  Caryocrmus  amahiSy 
and  his  diagnosis  enables  us  to  dbtinguish  this  species  from  all  those 
which  it  most  resembles.  He  examined  the  form  of  each  separate 
plate ;  he  described  the  position  of  each,  and  mentioned  the  tubercles 
and  the  striaD  which  cover  the  surface ;  and  he  even  showed  the  place 
which  his  genus  must  occupy  in  the  arrangement  of  Crinoidca  pro- 
posed by  Miller.  But  notwithstanding  all  this  clearness  of  de- 
scription, the  naturalist  finds  but  little  that  is  satisfactory ;  the  bear- 
ing of  each  part  upon  the  whole,  the  necessary  relation  of  one  part 
to  another,  and  what  is  called  by  Gothe  "  die  Behcrrschung  des 
Ganzen  in  der  Anschauung,"  these  remain  still  hidden,  and  we  are 
taught  only  the  character  in  which  this  section  of  the  book  of  nature 
is  written,  and  not  the  meaning  and  the  idea  which  the  writing 
illustrates.  We  might  as  well,  in  the  case  of  an  historical  picture, 
take  into  consideration  the  separate  figures,  describing  each  one  with 
the  most  minute  accuracy,  and  mark  the  differences  that  exist  be- 
tween adjacent  ones  with  the  most  careful  attention,  in  order  at  last 
to  arrive  at  the  conclusion  that  the  picture  belonged  to  a  class  in 
which  each  part  consisted  of  so  many  figures  grouped  together. 

The  number  of  figures  however  is  of  no  consequence  in  the  pic- 
ture, nor  their  individual  peculiarities  of  form,  but  rather  the  mode 
of  grouping,  and  the  manner  in  which  the  whole  series  work  to- 
gether towards  the  attainment  of  one  common  object.  Just  so  it  is 
in  the  case  before  us ;  but  these  things  the  species-maker,  poring 

tion  of  the  pores  have  escaped  notice,  and  are  inaccurately  represented.  Neither 
is  shown  in  this  figure  the  way  in  which  a  line  drawn  through  the  intersection  of 
the  pair  of  large  basal  plates,  and  commencing  at  the  very  bottom  of  the  pelvis,  may 
be  continued  through  the  angular  point  of  one  side  plate  to  the  mouth,  thus  proving 
distinctly  that  the  whole  animal  bad  a  bilateral  arniDgement  of  its  parts. 
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over  minute  differences,  does  not  consider ;  and  valuable  as  his  br 
hours  may  be,  and  often  arc,  with  regard  to  such  points  of  detail, 
it  is  not  thus  that  the  true  and  philosophical  naturalist  is  enabled  to 
advance  his  knowledge. 

Say  has  stated  quite  correctly  that  the  Caryocrinite  was  poMCtd 
of  a  round  pedicle  or  stem  [PI.  IV.  fig.  1  (a)]  attached  to  tk 
ground.  Upon  this  stem  four  plates  (p)  were  developed  as  a  pel* 
vis  ;  upon  these  four  (which  are  called  oasttl),  six  latend  plates  (q) 
repose ;  and  six  others  again  (r),  called  scapulargf  rest  upon  these; 
while  on  this  last  upper  series  the  arms  (c,  d)  were  planted. 

The  general  form  is  that  of  a  large  acorn,  terminating  below  id  t 
blunt  point,  cylindrical  in  tlie  middle,  and  closed  at  the  top  with  t 
flattened  dome'*'.  The  four  plates  of  the  pelvis  (p  if  /» 2),  altbou^ 
of  unequal  size,  are  notwithstanding  so  regularly  constnieted  thit 
the  pairs  of  ad[jacent  ones  are  exactly  alike,  and  exhibit  a  striking 
symmetrj'  of  form.  If  however  the  two  larger  plates  (pi)  were 
divided  in  the  middle,  they  would  be  found  to  differ  in  no  respeel 
from  the  smaller  ones  (p  2) ;  and  in  this  case  all  the  sides  would  be 
alike,  and  instead  of  four,  the  pelvis  would  consist  of  six  plates.  Thii 
separation  of  the  larger  plates  is  most  clearly  exhibited  in  the  distii- 
bution  of  the  ambulacral  pores  on  the  surface,  although  the  con- 
fluence of  the  two  plates — which  is  carried  so  far  that  the  retiring 
angle  which  ought  to  be  formed  on  their  upper  side  has  become  t 
straight  line  (see  Plato  IV.  fig.  1) — can  only  arise  from  the  distri- 
bution of  the  internal  organs ;  and  the  mouth  is  invariably  found 
upon  the  upper  surface,  exactly  in  the  direction  of  the  intersectioo 
of  the  larger  plates,  this  line  of  intersection  being  continued  through 
the  middle  of  one  of  the  lateral  plates.  The  position  of  the  mouth 
— not  placed  in  the  centre,  but  on  one  side  of  the  summit — ^is  an 
important  point,  and  aflects  the  lateral  plate  which  conducts  to  it; 
since,  although  its  form  is  not  altered,  this  plate  is  notably  deeper 
towards  the  base  than  the  similarly  formed  lateral  plate  corresponding 
to  it  on  the  other  side  of  the  cup ;  and  in  conformity  with  this  mo- 
dification, the  scapular  plate  is  also  more  extended,  and  descend! 
deeper  than  the  similar  plate  on  the  opposite  side  (see  figure).  It 
seems  as  if  the  excentrical  position  of  the  mouth  had  pushed  down  the 
whole  cup  towards  the  base  and  pressed  together  the  plates  on  this 
side ;  and,  singularly  enough,  the  side  plates  are  found,  in  some  ab- 
normal instances,  to  be  sometimes  altogether  pressed  down»so  that  the 
scapulars  repose  immediately  on  the  basal  plates,  while  on  the  other 
side  an  additional  plate  is  inserted  between  those  regularly  deve- 
lope<l.  This  influence  of  the  mouth  upon  the  form  and  distribution 
of  the  plates  is  univers^al  in  all  the  Crinoidea;  for  where  the  bastl 
plates  are  not  exactly  similar  in  form  and  arrangement,  there  the 
mouth  is  found  invariably  upon  the  side,  an  interradial  or  intercostal 
plate  conducting  to  it.  In  the  Actinocrinitesy  for  example,  the  base 
of  the  cup  consists  of  three  small  plates,  of  which  two  are  consider^ 
ably  larger  than  the  third.  Exactly  where  the  two  larger  ones  inter* 
sect  is  placed  that  Interradial  so  remarkable  in  the  genus  in  question, 
*  See  PI.  III.  fig.  1,  2. 
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and  on  the  side  of  the  upper  surface,  exactly  in  this  direction,  is 
found  the  mouth.  This  is  well  exemplified  in  the  figure  of  A,  am- 
pfiora  given  in  Portlock's  *  Geology  of  Londonderry'  (pi.  15. 
fig.  4.  a) ;  and  in  A.  iriacoTUadactylus  and  A,  tessellatus,  in  the  same 
work,  these  relations  are  also  indicated  with  the  greatest  clearness^ 
Was  it  from  inadvertence  that  Miller  (p.  98,  pi.  2)  described  this 
Actinocrinite  as  having  the  mouth  centrical  ?  The  same  relation  be- 
tween the  basal  plates  and  the  position  of  the  mouth  upon  the  side 
appears  in  PkUt/crinus,  and  is  admirably  shown  by  the  author  (see 
Pentacrinusy  tab.  6)  ;  and  since  the  mouth  is  only  centrical  in  those 
cases  in  which  the  cup  is  based  upon  perfectly  regular  five-sided 
plates,  it  is  possible  that  Miller  was  not  describing  a  true  Actino' 
crinite,  but  a  Carpocrinitey  first  separated  by  M.  Miiller  {Penta' 
crinus,  p.  32).  I  doubt  also  very  much  whether  Melocrinus  has 
ever  been  seen  with  the  mouth  centrical,  as  it  is  generally  on  one 
side  in  the  direction  of  the  smallest  of  the  four  basal  plates. 

The  lateral  plates  of  Caryocrinites  {costales  of  Miller),  six  in 
number,  and  forming  a  perfect  cylindrical  inclosure,  give  to  the  ge- 
neral contour  considerable  elegance.  They  are  higher  than  they  are 
broad  by  about  one-half,  and  they  form  more  than  half  of  the  abso- 
lute height  of  the  cup.  They  rise  from  the  intersection  of  the  basal 
plates,  alternating  therefore  with  these  latter ;  and  in  the  case  of  the 
larger  plates,  which,  as  I  have  already  mentioned,  are  formed  of  the 
confluence  of  two,  without  a  retiring  angle  being  traceable  on  their 
upper  line,  they  rest  on  the  longer  sides  of  each  of  the  large  peuta** 
gonal  plates  formed  by  the  soldering  together  of  two  smaller  ones. 

These  two  inclose  that  one  of  the  lateral  plates  which  conducts 
directly  to  the  mouth,  and  form  a  very  regular  six-sided  figure, 
elongated  and  pointing  in  one  direction  towards  the  apex,  and  in 
another  to  the  base.  Of  the  other  three  lateral  plates,  only  one, 
that  namely  exactly  opposite  this  mouth-plate,  is  regularly  hexagonal, 
since  of  the  remaining  two  the  angles  pointing  towards  the  summit 
of  the  cup  are  truncated,  so  that  the  figure  is  in  each  case  changed 
to  a  heptagon. 

Six  scapular  plates  (radialia  axillaria  of  Miiller)  form  the  upper 
portion  of  the  cylindrical  cup.  Above  the  middle  they  are  pierced 
through,  and  their  further  development  prevented  by  the  arms  which 
rise  from  this  part,  so  that  only  somewhat  more  than  one-half  of 
them  appears  in  sight.  Two  small  plates  are  inserted  on  the  trun- 
cated angle  of  each  of  the  two  heptagonal  plates  on  the  side  opposite 
the  mouth,  and  arc  concealed  under  the  bases  of  the  arms,  so  that 
the  rim  of  the  cup  properly  consists  of  eight  plates,  six  of  them  large, 
with  two  smaller  ones  between  them. 

This  complete  and  perfectly  symmetrical  arrangement,  and  the 
relation  of  the  different  parts  to  one  another,  is  extremely  well  shown 
in  the  appearance  of  the  general  form  as  seen  from  above  (see 
PI.  III.  fig.  2).  Thus  looking  upon  the  fossil,  we  may  see  distinctly 
how  the  whole  of  the  upper  part  is  compressed  into  a  spherical 
triangle,  from  each  of  the  angles  of  which  rise  a  pair  of  arms,  while 
near  every  pair  and  on  each  side  is  placed  another  single  arm.   It  is 
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clear  that  these  pairs  of  arms  and  their  protrusion  have  distorted 
the  upper  surface  of  the  triangle.  Without  them  the  scapular  plates 
would  have  been  continued  without  interruption  to  the  middle  poiot 
or  a|K>x,  and  instead  of  lateral  plates,  as  Uiey  now  are,  would  have 
become  vertical  plates,  as  in  Hemicosmiies.  So  essential  is  the 
change  that  has  been  effected  throughout  by  the  introduction  of 
these  arms !  The  number  of  arms  is  nine  or  six,  according  as  those 
proceeding  from  the  angles  are  to  be  considered  in  each  case  as  two 
arms,  or  (as  in  Platycrinite  and  allied  forms)  as  each  consisting  of 
one  arm  which  has  branched  off  immediately  into  a  pair;  but  witk 
regard  to  this  point  we  have  at  present  no  knowledge,  since  not  one 
of  the  s))ecimons  hitherto  described  exhibits  the  arms  at  their  attach- 
menL 

This  very  remarkable  triangular  form  of  the  upper  surface  of  the 
CaryocriniU's,  marking  like  a  roof  the  general  contour  of  the  cup, 
determines  also  the  form  and  the  arrangement  of  all  the  separate 
parts ;  and  of  these  we  may  first  mention  the  mouth,  which  is  placed 
on  the  edge,  on  the  right  half  of  one  of  the  sides  of  the  triangular 
summit 

The  mouth  is  a  large  0{)ening,  its  diameter  being  generally  at  lea^ta 
fourth  part  of  the  whole  breadth  of  the  upper  surface,  and  it  is  closed 
by  five,  or,  more  commonly,  six  convex  valves,  which  form  a  small 
cone,  and  are  moveable,  as  if  on  hinges,  being  set  in  little  grooves 
or  depressions  round  the  edge  of  the  mouth.  Of  the  other  two  sides 
of  the  triangle,  the  central  part  is  exactly  determined  by  the  middle 
of  the  heptagonal  i)lates  of  the  side ;  and  hence  these  are  rcadiij 
made  out  in  cases  where  from  injury  or  the  presence  of  extraneous 
matter  they  might  otherwise  be  concealed.  The  middle  point  of 
the  triangle,  and  th(>refore  of  the  whole  upper  surface,  is  marked  bj 
a  small,  very  delicate,  little  elevated,  and  sharply  defined  plate,  sur- 
rounded by  others  somewhat  smaller,  but  of  exactly  similar  shape, 
arranged  in  a  circular  group,  and  with  the  greatest  regularity.  The 
central  plate  would  be  a  complete  and  regular  hexagon,  as  the  sur- 
rounding ones  really  are,  were  it  not  for  the  interference  of  the 
mouth,  one  of  the  very  small  plates  surrounding  which  is  pushed  in 
on  that  bide  between  the  regular  series  of  plates  circularly  arranged, 
so  that  the  number  of  these  latter  is  increased  to  seven,  and  the  cen- 
tral plate  itself  receives  an  addition  of  a  small  seventh  side.  This 
arrangement  of  the  summit,  as  well-defined  as  it  is  elegant,  is  com- 
mon to  all  those  genera  of  Crinoidea  in  which  the  mouth  is  cxcen- 
trical.  It  is  strikingly  exhibited  in  all  the  species  of  Piatycrimiu^ 
since  in  most  of  these  the  ranges  of  central  plates  terminate  in 
pointed  summits,  and  like  a  circle  of  little  turrets  they  surround  a 
higher  central  tower.  In  Rhodocrinitrs  also  (described  by  Phillips 
as  Gilbertbocrinite  in  the  Annals  of  Nat.  Hist.  vol.  xi.  p.  202)  this 
peculiarity  of  arrangement  may  be  well  observed,  although  the  plates 
themselves  are  but  little  pointed.  In  the  drawing  by  Phillips^ 
which  in  other  respects  is  good,  this  arrangement  is  not  shown,  and 
the  upper  surface  exhibits  only  confusion  and  irregularity,  but  it  is 
admirably  represented  by  M.  Muller  (PenUtcrinus,  tab.  6.  f.  l.c). 
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Plications,  Stria  and  Pores  of  the  Plates. — These  markings  are 
not  only  in  the  highest  degree  instructive  in  the  whole  family  of 
Crinoidea,  but  a  close  investigation  teaches  us  also,  that  there  exists 
with  regard  to  them  a  law  of  arrangement  and  a  regularity  which 
one  could  hardly  have  anticipated  in  characters  apparently  so  super- 
ficial. In  the  first  place,  the  strisB  of  growth,  distinctly  paiallel  to 
the  bodies  of  each  plate,  repeat  the  form  of  the  plate  quite  up  to  a 
central  nucleus,  and  hence  clearly  distinguish  each  plate  from  those 
which  are  adjacent  These  striae,  so  distinctly  marked  and  projecting 
so  strongly,  show  the  way  in  which  each  plate  was  surrounded  on 
all  sides  by  an  organized  membrane  from  which  the  calcareous  mat- 
ter was  periodically  deposited,  thus  enlarging  the  whole  body  of  the 
animal  by  increments  applied  at  each  edge  of  every  plate. 

From  the  centre  of  each  plate  there  proceed  rows  of  pores,  pro- 
bably the  remains  of  ambulacra,  to  all  the  angular  points  of  the  po- 
lygon, each  row  generally  consisting  of  six  pores.  Towards  those 
angular  points  on  the  side  of  the  polygon  the  row  of  pores  is  single, 
while  in  those  two  directed  vertically  upwards  and  downwards  the 
row  is  double.  It  is  worthy  of  notice,  that  with  regard  to  the  side 
plates,  only  the  upper  half  is  d(!Corated  with  these  rows  of  pores, 
the  lower  part  having  them  sparingly  or  not  all  distributed ;  but 
on  the  scapular  plates  a  contrary  arrangement  takes  place,  the  rows 
of  pores  being  there  most  regularly  developed  on  the  lower  half,  and 
uniting  with  those  from  the  side  plates  to  form  a  complete  encircling 
festoon  on  the  upper  part  of  the  cup.  This  is  also  a  verj-  striking 
peculiarity  in  Hemicosmitesy  but  such  similarity  is  produced  by  the 
uniform  action  of  a  general  law,  and  does  not  prove  any  identity  of 
specific  character.  When  the  rows  of  pores  of  the  scapular  plates 
are  examined  minutely  with  the  aid  of  a  powerful  magnifier,  a  very 
remarkable  structure  is  observed,  characterizing  them  and  almost 
peculiar  to  them,  the  isolated  pores  not  being  hollow,  but  covered 
with  very  minute  vesicles,  one  in  the  middle  and  six  smaller  ones 
around  it.  These  little  vesicles  are  larger  and  more  abundant  the 
nearer  we  approach  the  middle  of  the  plate,  and  quite  in  the  middle 
there  are  about  a  score  of  them  close  together,  so  minute  as  only  to 
be  visible  under  the  microscope. 

Not  a  trace  of  these  vesicles  can  be  discovered  on  the  rows  of 
pores  on  the  lateral  plates,  and  thus  the  scapular  plates  may  be  dis- 
tinguished very  easily  from  the  others,  even  when  only  the  smallest 
fragments  remain ;  and  by  taking  advantage  of  this  structure  we 
may  readily  discover  those  monstrosities  in  which  the  scapular  plates 
entirely  conceal  some  of  the  lateral  plates  and  rest  immediately  on 
the  pelvis,  producing  indeed  a  remarkable  distortion  and  compres- 
sion of  the  general  form,  but  only  on  that  side  on  which  the  mouth 
is  placed.  This  compression  probably  has  some  reference  to  the 
efibrt  made  by  the  animal  to  bring  the  mouth  near  the  ground  in 
order  to  obtain  food.  The  pores  penetrate  the  entire  thickness  of 
the  plates,  and  are  as  distinctly  marked  on  the  under  as  on  the 
upper  surface.  There  was  doubtless  some  organ  projected  through 
them  from  the  animal. 
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In  these  lateral  plates,  in  which  the  angle  pointing  towirdi  tbe 
vertex  is  truncated,  each  of  the  two  angles  thus  formed  seenu  to 
repre!>ent  those  pointing  vertically  upwards,  and  is  marked  bj  i 
corresponding  double  row  of  pores  proceeding  from  the  centre  of 
the  plate. 

The  basal  or  pelvic  plates  are  decorated  with  pores  aAer  a  manner 
precisely  similar  to  that  just  described.  Here  also  a  double  row 
proceeds  towards  the  vertical  angle  of  the  two  smaller  four-sided 
plates,  but  in  the  case  of  the  larger  six-sided  ones,  two  double  rovi 
proceed,  diverging  from  the  base  towards  the  two  angles  pointiii^ 
upwards,  thus  t^howing  distinctly  the  compound  nature  of  these 
plates,  which  evidently  consist  of  a  pair,  exactly  similar  to  the  smaller 
ones,  but  fastened  together.  In  the  basal  plates  many  of  the  pom 
towards  the  stem  are  covered  with  vesicles,  but  not  so  invariably  as 
the  plates  under  tbe  arms. 

Such  is  the  decoration  of  the  external  surface  of  the  Caryocrinoi 
in  the  young  and  mature  state,  but  with  age  it  appears  to  exhibits 
remarkable  change.  Along  each  row  of  pores  there  rise  small  ob- 
long vesicles  resembling  the  pores,  but  never  piercing  through  and 
reaching  the  inner  surface  of  the  plate.  These  vesicles  gradually 
lengthen,  and  at  last  unite  into  an  elevated  ridge,  occurring  between 
the  rows  of  port^  when  they  are  double,  but,  when  the  row  is  single, 
under  it,  on  the  upi)er  half  of  the  plate,  and  above  it,  on  the  lower 
half — another  very  singular  instance  of  symmetry  of  arrangement  is 
this  part.  These  ridges  seom  to  have  gradually  risen  in  height  while 
the  rows  of  pores  remained  burieil  by  their  side,  so  that  the  whole 
plate  at  length  puts  on  the  appearance  of  a  large  six-rayed  star,  tlie 
surface  being  separated  by  that  number  of  ridges  proi^seding  from 
the  centre;  and  this  radiated  apfiearance  is  exhibited  very  besuti- 
fully  and  distinctly  even  in  the  minute  plates  on  the  suuimit.  Tlie 
rays  always  proceed  from  the  centre  towards  the  angle  of  the  plate, 
and  never  terminate  upon  the  side ;  and  this  is  an  important  point, 
because  these  radiating  ridges  differ  essentially  from  the  plications, 
often  very  strongly  marked,  which  pass  on  from  one  plate  to  another, 
and  fre((uently  give  to  the  surface  a  new  polyhedral  form,  which  a 
hasty  (>xaminatioii  attributes  to  the  form  of  the  plates,  although,  in 
fact,  it  is  merely  a  modification  of  the  external  surface. 

But  neither  is  this  latter  modification  absent  in  the  Caryocrinites, 
which  seem  as  it  were  to  combine  within  themselves  all  the  peeu« 
liarities  of  form  occasionally  met  with,  and  so  singularly  chsne> 
terising  the  various  genera  of  Crinoidea.  The  striae  of  growth  on 
the  surface  of  the  Caryocrinus  are  distributed  in  a  very  dbtinct 
manner  as  little  granulations  placed  in  lines  intersecting  one  another 
at  right  angles.  However  delicate  these  lines  may  be,  their  mutual 
parallelism  may  always  be  traced,  and  so  may  also  their  position_per- 
pendicular  to  the  edges  of  the  surface  on  which  they  exist.  Tkof 
appear  to  pass  without  itUerrupHofi  from  tlu  middle  cf  €me  pkUe  to  ti 
middle  of  the  next  adjacent  one. 

It  is  in  this  slight,  and,  for  that  very  reason,  inatructive  cobi- 
mencement  of  an  appearance — exhibited  in  so  remarkable  a  ««^f«n<jr 
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on  the  surface  of  the  plates  of  all  the  tessellated  Crinoidea  and  de- 
veloped in  almost  all  the  Cystidea  * — that  we  are  enabled  to  deter- 
mine accurately  its  true  nature.  Miller  supposes,  and  I  think  with 
reason,  that  these  striae,  folds  or  ridges  were  owing  to  a  membrane 
projecting  between  the  plates  and  coating  their  external  surface — 
perhaps  also  producing  the  strisB  of  growth.  The  existence  of  such 
a  membrane  would  at  once  explain  the  reason  why  the  folds  are 
invariably  at  right  angles  to  the  edge  of  the  plate  ;  it  would  also  ex- 
plain why  they  affect  only  that  triangular  area  enclosed  between  the 
centre  of  the  polygonal  plate  and  two  angular  points  towards  the 
side  and  are  prevented  from  extending  to  the  adjacent  triangles,  and 
why  they  pass  on  from  one  plate  to  another,  producing  those  singular 
striated  rhombs  on  the  external  surface,  and  producing  these  only 
on  the  exterior  without  any  trace  of  them  existing  on  the  inside.  It 
may  also  possibly  admit  of  a  similar  explanation,  that  when  at  last 
these  folds  seem  to  pass  off  into  pores  such  apparent  pores  are  by  no 
means  orifices  for  ambulacra,  which  is  proved  by  their  never  pene- 
trating the  plate  as  those  do  which  proceed  towards  the  angular  points, 
since  they  may  be  the  extremities  of  hollow  channels  that  are  formed 
between  these  striae  or  folds  and  the  general  surface  of  the  plate. 

If,  notwitiistanding  the  small  claim  which  it  has  been  shown  that 
the  Caryocrinites  possess  to  be  ranked  among  the  Crinoidea,  they 
may  still  seem  to  approach  the  Poteriocrinites  in  their  cylindrical 
form,  their  tall  lateral  plates,  and  the  scapular  plates  alternating 
with  them,  yet  will  a  closer  investigation  soon  show  that  these  two 
cannot  be  classed  together,  the  former  group  remaining  separate 
and  detached,  standing  between  but  without  absolutely  uniting  the 
families  Crinoidea  and  Cystidea, 

The  settled  dominion  of  the  number^^t^,  which  so  singularly  ob- 
tains in  all  organised  nature,  may  be  observed  in  all  the  Radiaria,  but 
is  especially  exhibited  in  the  Crinoidea ;  and  the  separate  parts  show, 
by  reference  to  this  number,  the  place  to  which  they  belong.  How- 
ever various  species  of  Actinocrintu  and  Pentacrintu  multiply  them- 
selves to  an  almost  unlimited  extent,  this  is  merely  effected  by  the 
continued  doubling  of  five  arms  which  are  developed  from  the  in- 
terior of  a  cup -shaped  body;  and  if,  on  the  other  hand,  Platycrinus 
or  Actinocrinus  seem  to  rise  from  only  three  basal  plates,  it  is  easy 
to  show  in  what  way  two  of  these  are  combinations  formed  of  a  pair 
of  plates,  so  that  here  also  the  basis  of  the  cup  must  be  considered 
as  made  up  of  five  plates  placed  in  contact 

Not  so  in  the  case  of  the  Caryocrinites.  In  them  we  find  no  trace, 
no  indication  which  can  in  any  way  lead  to  a  grouping  into  five  parts, 
for  everything,  even  to  the  most  minute  point,  shows  that  the  number 
six  is  dominant,  a  number  which  cannot  in  any  way  connect  itself 
with  five.     The  base  of  the  cup  consists  of  four  unequal  plates, 

*  The  same  appearance  is  yet  more  prominently  developed  in  the  highly  pro- 
jecting ridges  which  divide  the  hody  of  Actmocrinitet  ZO'daciyhu  and  A.p(iyd€u> 
iylua  (Miller,  p.  98-100)  into  deep  compartments,  from  three  to  five  in  numher. 
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which,  as  has  been  already  shown,  may  be  readily  converted  into 
six,  exactly  similar  and  identical.  Six  lateral  plates  and  six  secu- 
lars form  the  cup,  and  six  arms,  three  double  and  three  single  ones, 
rise  from  its  rim.  Everything  is  entirely  at  variance,  therefore,  in 
this  respect,  with  what  is  seen  in  other  Crinoidea ;  and  in  none  of 
the  latter  is  the  base  of  the  cup  composed  of  four  plates  except  in 
the  singularly  formed  and  anomalous  Melacrinus  (Goldfiiss,  tab.  60. 
fig.  1 ),  while  the  number  (six)  of  the  arms,  proceeding  from  the 
rim,  is  also  peculiar  and  not  met  with  elsewhere. 

Everything  which  is  determined  by  the  number  five  is  devdoped 
from  within,  and  is  directly  connected  with  life  ;  but  wherever  tbe 
number  six  dominates,  the  surface  only  is  affected,  the  mere  external 
coating  or  enclosure,  which  stands  in  no  other  relation  to  the  in- 
ternal organs  than  simply  as  protecting  and  sheltering  them.  When 
from  a  membrane  at  the  surface  a  plate  begins  to  be  formed,  a  point 
or  a  little  hard  particle  being  detached,  it  will  increase  by  the  con- 
tinued detachment  of  hard  particles  in  all  directions,  and  will  assume 
a  circular  form.  If  during  growth  these  circles  touch  one  another, 
they  will  be  limited  in  their  progress  at  the  points  of  contact,  and 
will  there  be  flattened,  producing  hexagonal  plates  only  capable  of 
increase  of  size  by  increments  at  the  edges,  so  that  everything  after- 
wards formed  at  the  surface,  as  the  pores  and  striae,  must  nccessarilj 
be  disposed  and  determined  according  to  this  hexagonal  form. 

In  the  Crinoidea,  however,  the  five  arms  extending  far  over  the 
edge  of  the  cup,  are  developed  from  the  very  basal  plates,  and  tbe 
determination  of  the  number  six  is  entirely  limited  to  the  plates 
themselves.  It  does  not  however,  in  fact,  affect  their  shape,  for 
from  the  very  base  of  the  cup  and  long  before  they  make  their  ap- 
pearance, the  arms  press  tlie  lateral  plates  together,  raise  them  in  tbe 
middle,  and  give  to  the  whole  margin  the  prominent  form  of  a  pen- 
tagon. For  this  reason  has  M.  Miiller  designated  those  plates  which 
announce  as  it  were  the  existence  of  the  arms  so  long  before  ther 
appeiir — radialia,  calling  those  upon  which  the  arm  when  developed 
actually  rests,  radiafia  axillaria.  The  arms  also,  when  they  are  pot 
forth,  bring  with  them  the  ovaries  so  remarkable  in  these  animals, 
which  till  then  were  concealed  within  the  margin  of  the  cup,  but 
being  now  at  liberty  and  attached  far  above  the  margin  to  the  pin- 
nules of  the  arms,  they  are  no  longer  obliged  to  squeea^  through  a 
narrow  opening.  In  this  way  a  new  peculiarity  is  introduced,  and 
on  it  is  based  the  essential  difference  between  Crinoidea  and  Qf- 
siiflca. 

It  will  probably  remain  for  a  long  time  unknown  what  is  the 
nature  of  the  mystery  that  exists  in  this  number  five,  by  which  it 
exercises  so  remarkable  an  influence  over  the  whole  of  organic  na- 
ture. I  would  not  presume  to  venture  more  than  lift  up  the  edge 
of  this  dark  veil ;  but  the  study  of  the  Radiaria,  in  which  the 
subject  appears  so  manifestly  in  its  simplest  form,  has  induced  me 
to  suggest  that  the  number  Ave  may  be  an  augmentation  of  three  in 
the  effort  fully  to  complete  the  circle,  these  three  being  wrought  out 
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of  one  main  direction  or  tendency,  combined  and  brought  into  action 
by  two  directions  or  tendencies  opposed  to  another.  In  one  species 
of  Pentremite  from  Yorkshire,  which  is  not  yet  named,  but  which 
has  very  flattened  ambulacra,  a  species,  it  will  be  observed,  of  a 
genus  whose  very  name  b  characteristic  of  the  division  into  five  parts, 
we  may  clearly  observe  one  principal  arm  more  especially  elevating 
the  plates,  and  two  other  arms  at  the  side,  each  dividing  itself  to 
form  the  posterior  pair  which  complete  the  five  rows  of  ambulacra. 
Is  not  this  the  case  also  in  Spatafiffus,  Clypeastery  and  even  the  re- 
gularly circular  Cidaris?  and  may  not  possibly  the  study  of  man 
and  other  Vertebrata^ — the  head  being  the  main  development,  the 
arms  the  opposed  tendencies,  and  the  legs  the  posterior  pair  derived 
from  the  anterior  but  detached  by  the  prolongation  of  the  vertebral 
column, — may  not,  I  say,  this  lead  to  the  same  conclusions  as  those 
derived  by  the  investigations  of  the  Invertebrata,  which  I  believe 
have  been  already  frequently  put  forth  ? 

I  turn  now  to  the  nearer  consideration  of  the  Cystidea. 

The  Cystidea  were  natural  bodies  supported  on  a  stem  or  pedicle 
which  was  attached  to  the  ground ;  their  surface,  more  or  less  sphe- 
rical, was  covered  by  a  great  number  of  polyhedral  plates  accurately 
fitted  to  one  another,  and  between  these  plates  were  certain  open- 
ings necessary  for  the  performance  of  the  animal  functions ;  but  from 
none  of  these  did  arms  proceed  resembling  those  of  the  Crinoidea. 
llie  animal  was  completely  without  arms. 

With  regard  to  the  openings  on  the  surface,  we  find  in  all  the 
Cystidea, — 1st,  that  the  mouth  was  planted  in  the  central  part  of  the 
upper  surface,  generally  in  a  moveable  proboscis  covered  with  mi- 
nute plates ;  2nd,  that  besides  this  mouth,  and  close  to  it,  there  is 
generally,  if  not  always,  a  small  anal  orifice  penetrating  the  plate, 
but  not  itself  surrounded  with  any  plates  peculiar  to  it ;  Srd,  that 
further  towards  the  middle,  but  almost  invariably  on  the  upper  half 
of  the  body  on  which  the  mouth  is  placed,  there  rises  a  round  or  oval 
aperture,  not  connected  with  the  mouth,  and  oflen  covered  by  a 
five  or  six-sided  pyramid,  which  seems  to  be  composed  of  as  many 
little  valves.     This  probably  forms  the  ovarial  orifice  of  the  animal. 

These  openings,  with  the  exception  of  the  mouth,  are  not  found 
to  exist  when  arms  begin  to  be  developed  from  the  upper  surface ; 
and  we  may  easily  understand  this  when  we  remember  that  in  the 
latter  case  the  ovaries  are  carried  out  with  the  arms  beyond  the  rim 
of  the  cup-like  body,  so  that  a  separate  opening  for  them  would  be 
useless.  In  all  the  Cystidea  the  presence  of  these  ovarial  orifices  b 
however  manifestly  essential. 

Since  scarcely  anything  appears  of  the  interior  of  these  animals, 
and  one  can  only  observe  their  external  structure,  it  is  not  remark- 
able that  the  number  six  appears  especially  to  predominate,  while 
the  quinary  arrangement  is  rarely  observed.  The  latter  may,  how- 
ever»  be  traced  in  the  stem,  and  in  the  internal  nutritive  canal  run- 
ning through  the  stem,  which  I  have  never  seen  other  than  five- 
sided.    The  stem  itself  is  in  almost  all  the  genera  remarkably 
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slender,  and  appears  hardly  adapted  to  support  so  heavj  a  weigkt 
as  is  sometimes  placed  upon  it :  for  this  reason  it  would  appear  that 
its  length  was  not  great,  and  perhaps  in  most  cases  the  bodj  of  tke 
animal  rested  on  the  ground.  In  Spharoniies  auranHufn  the  diameter 
of  the  aperture  for  the  stem  is  only  ^'^rth  part  of  that  of  the  rim  of 
the  cup,  but  in  CaryoqfstUes  granatumy  Wahl.,  the  proportioo  k 
only  one  to  fifU^en,  and  in  Ciyptocrinites  cemsus  one  to  serenteeo. 
The  species  of  Cystidea  at  present  distinctly  known  and  described 
are  the  following :— > 


Genus  SPHiERONITES. 

1.  Spharonitrs  aurantium,  Hisinger.  [  Tiiasj  Vet.  Acad.  HandL 
1740.  tab.  1 1.  fig.  18.  Gyllenhal,  Vet.  Acad.  Nya.  HandL  1772, 
p.  24-2.  tab.  8.  fig.  4,  5.  Wahlenberg,  Acta  Acad.  Ups.  viii.  52. 
Pander,  tab.  29.  fig.  2,  3.  Herz,  r.  LeucIUenb.  tab.  2.  fig.  17. 
r.  Buck,  Ikitr.  z.  Best.  d.  Gebirgsform.  in  Russl.  tab.  1.  fig.  14.] 

Plate  III.  fig.  S. 

Form  spherical,  rising  from  a  very  thin  round  stem,  with  penta- 
gonal nutritive  canal ;  six  small  plates  form  the  pelvis ;  these  are 
surrounded  by  other  plates  of  larger  and  smaller  sise,  which  alter* 
nate  without  any  observable  order  and  are  very  numerous,  so  that 
one  can  count  at  least  twenty  upwards  in  a  row.  Most  of  these 
plates  are  hexagonal,  but  many  with  seven,  eight,  nine  or  more  sides 
miglit  easily  be  found.  The  mouth  (a),  in  a  small  proboscis  sur* 
rounded  with  plates,  is  placed  diametrically  opposite  the  insertion  of 
the  stem  (c).  Lower  down,  but  on  the  same  hemisphere  with  the 
mouth,  occurs  a  large  pyramidal  orifice,  closed  with  five  or,  more 
rarely,  six  valves,  which  is  the  ovarial  opening  (6).  On  the  top  of 
each  of  these  valves  is  a  small  orifice  piercing  quite  through  the 
valve,  and  possibly  the  eggs  were  extruded  from  these  orifices,  since 
the  valves  themselves  are  never  found  open.  In  a  direct  line  between 
the  mouth  and  this  little  pyramid,  but  quite  close  to  the  mooth, 
is  a  small  round  anal  opening,  not  elevated  above  the  surface. 

The  inequality  of  size  and  the  minuteness  of  many  of  the  plates^ 
and  the  way  in  which  they  are  strewed  over  the  surface,  render  it 
probable  that  in  this  animal  it  was  not  only  by  additions  to  plates 
originally  formed  that  the  whole  increased  in  dimensionis  but  thai 
new  plates  were  also  constantly  added,  crowding  in  between  the  older 
ones. 

The  surface  of  each  plate  is  covered  with  lines  or  striae,  which  are 
at  right  angles  to  the  edges  of  the  plate.  There  are  therefore  aa 
many  directions  of  these  striae  as  there  are  sides  of  the  plates,  Irat 
all  meet  in  the  central  point,  and  this  has  been  very  well  and  cleariy 
described  by  Pander  (tab.  29.  fig.  3  a.).  The  striae  of  one  plate 
pass  without  any  interruption  or  change  of  direction  to  the  adjaiceiit 
onei  and  the  two  seem  then  to  form  but  one,  whose  shape  is  a  limibj 
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having  well-defined  striae  in  the  direction  of  the  longer  diagonal ; 
and  for  this  reason  I  shall  describe  such  striae  under  the  name 
(rhombic^  striae,  or  plications.  They  terminate  towards  the  middle 
of  the  plate  by  an  aperture,  which  Pander  considered  to  be  a  place 
whence  ambulacra  were  protruded,  a  view  in  which  I  have  coincided 
(Beitr.  z.  Best.  d.  Gebirgsform.  in  Russl.  p.  27)  ;  and  I  have  even 
ventured  to  throw  out  the  conjecture,  that  these  striae  may  possibly 
have  been  the  borders  of  channels  by  which  ambulacra  parallel  to 
one  another  have  been  mutually  conducted  from  one  plate  to  the 
acyacent  one.  But  when  these  external  striae  are  rubbed  down,  as 
in  the  state  in  which  the  Sphceronites  are  generally  found,  so  that  the 
true  separating  lines  between  adjacent  plates  can  be  distinctly  traced, 
we  find  on  the  surface  no  mark  whatever  of  orifices  or  holes  by 
which  they  were  pierced,  as  there  must  have  been  if  these  holes  had 
served  for  the  passage  of  ambulacra,  which  could  of  course  only 
proceed  from  the  interior.  They  are  therefore  entirely  superficial, 
and  are  probably  only  the  terminations  of  covered  channels  or 
hollow  ridges  along  the  length  of  the  striae.  In  the  Sphaeronites 
which  are  found  at  Christiania  in  Norway,  the  striae  are  so  promi- 
nent that  the  rhombs  which  they  form  are  sharply  detached  from 
one  another,  and  they  completely  conceal  the  line  of  intersection  of 
the  true  plates.  In  this  state  they  have  been  improperly  described 
as  belonging  to  Eckinosphoirites  granaium.  They  are  figured  by 
Hisinger  in  the  '  Lethaea  Suecica '  (tab.  25.  fig.  8). 

2.  Sph^ronites  pomum,  Hisinger.  [t?.  Buch^  Beitr.  z.  Best.  d. 
(iebirgsform.  in  Russl.  i.  15.  16.  according  to  GyllenhaL  Hi- 
singer y  Leth.  Suec.  tab.  25.  fig.  7.] 

There  is  still  considerable  doubt  with  regard  to  this  species.  In 
shape  and  in  the  distribution  of  the  openings  it  differs  very  little 
from  S,  aurarUium ;  for  notwithstanding  (jyllenhars  statement,  that 
the  anal  aperture  is  so  near  the  mouth  that  the  two  are  often  con- 
fiuent,  this  after  all  can  only  be  an  individual  peculiarity,  since  other 
specimens  exhibit  the  two  openings  perfectly  distinct.  The  ovarial 
pyramid  also,  which  Gyllenhal  could  not  find,  is  not  absent  in  this 
species,  since  the  Duke  of  Leuchtenberg  has  described  and  figured 
it  with  perfect  distinctness  (Beschr.  ein.  Thierrestes  d.  Urw.  p.  23. 
tab.  2.  fig.  19).  The  essential  difference  between  this  species  and  the 
former  is  in  the  pores  of  the  plates,  two  being  observed  on  S, pomum 
which  are  connected  by  a  small  furrow,  and  which  are  not  merely 
superficial,  but  penetrate  the  plates  and  may  be  distinguished  on  the 
stony  nucleus.  From  ten  to  twelve  little  series  of  this  kind  occur 
on  each  plate,  and  these  also  have  been  noticed  by  the  Duke  of 
Leuchtenberg,  who  has  described  them  as  occurring  on  a  specimen, 
perhaps  the  largest  hitherto  found,  measuring  three  inches  in  dia* 
meter. 

Sphaeronites  have  not  been  found  except  in  northern  latitudes. 
They  occur  in  Norway  near  Christiania  ;  very  abundantly  at  Westra* 
plana  near  the  Kinnekulle,  in  West  Gothland,  where,  according  to 
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Gyllenhal,  S.pomum  always  occurs  in  lower  beds  tban  S, 
tium ;  at  the  Mosseberg ;  on  the  island  of  Oeland  near  BddaLamn 
(only  S,  aurantitim) ;  in  Dalecarlia  at  Osmundsberg ;  and  one  of 
the  species  {S.  pomum)  occurs  near  tioda  and  Wikarbj,  and  at 
Hallebraten  in  Nerike.  In  the  Silurian  strata  of  St.  Petersb<ii]g 
both  species  have  been  obtained,  according  to  the  Duke  of  Lencht- 
en  berg. 

The  Sphaeronites  may  be  looked  upon  as  the  type  of  the  whole 
family  of  Cystidea,  for  they  are  in  all  respects  the  most  widely  re- 
moved from  the  crinoidal  type.  Most  especially  is  there  a  total 
absonco  Iwth  of  any  attempt  at  the  development  of  arms  and  of  idj 
law  in  the  arrangement  of  the  plates,  while  the  spherical  form  per- 
mitted tln^  increase  of  growth  to  take  place  almost  uniformly  in  all 
directions  from  a  central  point,  ratlier  than  confined  it  to  a  given 
direction  from  below  upwanb,  as  in  the  Crinoldea. 


Genus  CARYOCISTITES. 

Pelris  formed  of  four  basal  plates^  two  large  and  two  small.  Tknt 
ranyes  of  lateral  2flates  rising  one  above  another, 

3.  Caryocistites  granatum,  Wahlenberg.  [EchitUMiphitrilti 
granatumy  Wahlenberg,  Acta  Soc.  Ups.  viii.  53.  Sphteromki 
tcstudiuarius,  Ilisinger,  Lethaea  Suecica,  p.  92.  tab.  25.  fig.  9.0.] 

Plate  III.  fig.  4.  Plate  IV.  fig.  2. 

In  this  genus  the  plates  arc  much  larger  than  in  Spk^pronites.  It 
seldom  happens  that  new  plates  are  inserted  between  the  old  ones, 
and  the  consequence  of  this  is  a  greater  regularity  in  the  relation  of 
the  separate  parts. 

The  pelvis  (PI.  IV.  fig.  2./>  1,/?  2)  consists  of  four  plates  as  in 
Cargocrinites  (see  fig.  1),  two  of  the  plates  adjacent  to  one  another 
ip  \)  being  larger  than  the  rest  and  forming  irregular  pentagons, 
while  the  other  two  opposite  to  them  (p  2)  are  four-sided.  If  how- 
ever the  larger  plates  are  bisected  we  have  six  similar  quadrilatend 
figures,  so  that  here  also  we  may  consider  these  larger  ones  as  no- 
thing more  than  pairs  of  smaller  plates  united  together.  The  ova- 
rial  opening  (/>)  is  placed  in  the  prolongation  of  a  line  drawn  from 
the  stem  through  the  intersection  of  the  two  larger  plates. 

Six  lateral  plates  {q)  are  placed  on  the  edges  of  the  hexagonal 
base.  In  the  inter\'als  between  them,  and  therefore  alternating  with 
them,  a  second  row  of  lateral  plates  (r)  occurs,  and  again  alterna- 
ting with  these  a  third  row  {s).  A  fourth  similar  series  (t)  forms 
the  summit. 

The  ovarial  orifice  (b)  is  pentagonal,  and  generally  rises  abofe 
the  plates.  The  five  valves  with  which  it  was  closed  are  sddoa 
preserved. 
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The  mouth  (a)  in  the  middle  of  the  summit,  vhich  is  always 
somewhat  depressed,  is  elevated  above  the  surrounding  plates,  but 
not  by  a  true  proboscis.  The  round  anal  orifice  is  close  by,  and, 
as  in  the  Sphaeronite,  is  placed  on  the  right  side  of  the  ovarial 
aperture. 

It  must  be  considered  as  a  remarkable  character  of  this  species, 
that  the  plates  are  not  only  entirely  covered  by  the  rhombic  striae, 
but  so  completely  hidden  by  them  that  the  lines  of  division  between 
the  plates  are  only  to  be  made  out  when  the  surface  has  been  deeply 
worn  and  rubbed.  As,  however,  almost  all  the  plates  are  hexago- 
nal, the  rhombic  striae,  which  follow  the  same  law  in  the  Cystidea 
that  they  do  in  the  Crinoidea,  and  are  invariably  at  right  angles  to 
the  edges  of  the  plates,  form  thus  six  rhombs  proceeding  from  the 
centre  of  each  plate,  this  central  point  being  sometimes  consider- 
ably elevated. 

The  genus  Caryocystitesy  which  we  are  now  considering,  has  only 
been  found  hitherto  in  Sweden,  at  Bodahamn  in  the  northern  part  of 
Oeland,  and  at  Wikarby  and  Furudal  in  Dalecarlia.  There  is  little 
doubt  however  that  it  may  also  be  found  near  St.  Petersburg. 

4.  Caryocystites  testudinari us,  Hisinger.     {^SpJueronites  tes- 
etidinarius,  Hisinger,  Lethaea  Suecica,  tab.  2.5.  fig.  9.  </.] 

Plate  III.  fig.  5. 

A  singular  form,  which  can  hardly  be  identified  with  the  last 
species.  The  cylindrical  cup  is  so  greatly  elongated  towards  the 
two  extremities,  that  the  body  almost  disappeai-s  in  comparison. 
It  is  a  Sphaeronite  whose  stem  and  proboscis  are  swelled  out  to  mon- 
strous proportions. 

The  body  itself  consists  of  very  large  hexagonal  plates :  they  are 
much  larger  than  those  which  enclose  the  Sphaeronite,  and  consist 
of  three  rows  alternating  with  one  another,  each  row  comprising  six 
plates.  The  rhombic  striae  on  the  surface  are  delicate,  and  do  not 
conceal  the  divisions  of  the  plates.  It  is  almost  certainly  the  case, 
that  here,  as  in  the  other  species,  the  pelvis  is  composed  of  four 
basal  plates  of  unequal  size,  but  this  is  difficult  to  make  out  di- 
stinctly, and  the  more  so  because  little  plates  continue  to  cover  the 
thick  stem  quite  to  its  extremity,  where  a  minute  projecting  point 
proves  that  besides  this  there  was  also  a  very  slender  pedicle  attached, 
which  served  to  fasten  the  animal  to  the  ground.  Five  sharp  pro- 
jecting edges,  traces  of  concealed  arms,  which  are  lost  in  the  upper 
part,  may  be  distinctly  seen  indicated  in  both  the  stems.  On  the 
upper  side  of  the  principal  body,  opposite  to  the  pedicle,  the  some- 
what remarkable  pentagonal  ovarial  opening  may  be  clearly  distin- 
guished. 

The  proboscis  is  scarcely  smaller  than  the  cup  itself,  and  large 
plates  enclose  it  quite  to  the  extremity.  Its  length  exceeds  that  of 
the  cup,  and  contributes  verj'  much  to  produce  the  monstrous  ap- 
pearance of  the  whole  animal.     Quite  at  the  top  the  usual  broad 
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depressed  mouth  may  be  readily  distinguLihed  (a),  but  the  vol 
orifice  ((f)  is  more  difficult  to  find.  On  the  plates  are  amboboil 
pores  arranged  in  rows,  about  six  in  each  row,  from  the  centre 
towards  the  angles  of  the  plates,  as  in  JEFemicoMmites.  We  are 
nut  at  present  acquainted  with  the  details  of  the  law  of  their  dimi- 
bution. 

Hisinger  has  united  this  species  with  the  former  under  the  name 
SpJueroniits  testudinarius,  but  since  he  has  not  given  the  reaioof 
which  induced  him  to  abandon  the  older  name,  S.  ffranMktam 
(adopted  by  himself  from  Wahlenberg,  and  given  from  the  rescB- 
biance  of  the  fossil  to  crystals  of  garnet),  I  have  thought  it  better  t» 
apply  his  name  to  this  remarkable  species  which  he  has  considered  ai 
a  variety. 

Locality,  Bodahamn  in  Oeland. 

Genus  HEMICOSMITES. 

5.  Hemicosmites  pyriformis,  v.  Buch.  [_Ecfnnosplutriies  su- 
/?////,  Pander,  tab.  29.  fig.  1,  2,  3,  where  the  position  is  inverted, 
the  stem  being  above  and  the  mouth  below.  Hemux^smiies  pyri- 
formis, V.  Buch,  Beitr.  z.  Best  d.  Gebirgsform.  in  RussL  taU  1. 

'ligs.  1  to  3,  6  to  8,  11  and  13.] 

Plate  III.  fig.  6. 

It  cannot  be  denied  that  there  is  considerable  resemblance  be- 
tween this  genus  and  Caryocrinites,  but  the  manifest  absence  of 
anns  separates  it  entirely  from  the  Crinoidea,  while  the  large  ovarial 
orifice  at  the  side  [PI.  III.  fig.  6.  (&)]  brings  it  into  close  relatioo 
with  the  other  Cystidea. 

Here  again  the  pelvis  is  composed  of  four  plates,  two  of  then 
pentagonal  and  two  quadrilateral,  which  by  the  bisection  of  the 
larger  ones  form  six  similar  plates.  Six  large  long  plates  form  the 
side  of  the  cup,  and  so  symmetrically  that  they  divide  the  whole  isto 
two  dissimilar  halves,  in  each  of  which  the  plates  have  a  distioet 
form.  The  three  which  rest  upon  and  between  the  two  pentagooil 
plates  are  hexagons,  each  terminating  upwards  in  an  angular  point* 
and  two  of  them  include  in  their  upper  half  the  large  ovarial  orifice, 
which  is  closed  with  five  valves.  In  the  opposite  half,  however,  etch 
lateral  plate  has  its  upper  angle  truncated,  and  thus  from  a  bexagos 
becomes  a  heptagon.  An  upper  row  of  six  plates,  corresponding  to 
scapulars,  incline  inwards  to  form  a  dome-shaped  vault,  and  tenoi- 
nating  in  a  wedge-like  manner  they  embrace  the  mouth.  On  thai 
side  on  which  the  plates  are  truncated,  but  not  on  the  other,  there 
are  three  additional  smaller  plates  inserted  above  the  truncated  mngjlei 
in  a  direction  towards  the  mouth. 

The  mouth  is  placed  in  the  middle  of  the  summit  on  a  somevlMt 
projecting  proboscis  covered  with  small  plates.  It  appears  as  if  thii 
proboscis  separated  itself  into  three  parts,  which  naust  have  beei 
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surrounded  with  small  plates  since  they  do  not  remind  one  in  the 
least  of  arms.  All  the  plates  are  distinctly  marked  with  concentric 
striae  of  growth,  but  it  is  a  remarkable  and  striking  fact  that  there  is 
no  trace  whatever  of  rhombic  strise. 

Yet  more  striking  however  is  the  symmetrical  and  beautiful  ar- 
rangement of  the  ambulacral  pores  upon  the  surface.  From  the 
middle  of  each  lateral  plate  a  double  row  of  pores  proceeds  towards 
the  vertical  angle,  and  a  single  row  towards  the  angles  on  each  side 
of  it,  but  on  the  lower  half  of  the  plate  there  are  no  distinct  rows, 
but  merely  detached  pores  irregularly  dbtributed.  With  regard 
however  to  the  plates  which  form  the  summit,  the  case  is  just  re- 
versed, the  lower  half  having  rows  and  the  upper  half  being  without 
them,  while  here  also,  as  in  the  lateral  plates,  the  middle  row  is 
double  and  the  others  single.  The  upper  part  of  the  cup  is  thus 
decorated  with  a  festoon  of  these  pores,  as  we  have  already  seen  was 
the  case  in  Caryocrinitesy  and  the  rows  on  the  upper  plates  are  in 
the  same  way  covered  by  small  vesicles  which  conceal  the  orifices. 
There  is  this  difference  however  to  be  observed,  that  in  the  species 
we  are  now  describing  none  of  these  vesicles  and  ledges  can  be  seen 
between  the  rows  of  pores,  which  in  the  Caryocrinite  ultimately 
divide  the  whole  plate  into  six  deeply-marked  triangles. 

The  pores  on  the  basal  plates  are  hardly  arranged  in  perceptible 
rows,  but  there  are  many  irregularly  distributed  over  the  surface. 

This  remarkable  and  beautiful  species  appears  not  to  be  very 
common.  It  has  been  found  at  Pulcowa.  M.  Blasius  has  obtained 
it  from  Narowa  near  Narwa,  and  M.  Eichwald  mentions  it  also  as 
occurring  near  Reval. 


Genus  SYCOCYSTITES. 

6.  Sycocystites  angulosus  vel  Senckenbergii,  H.  v.  Meyer. 
[^Echifio-encrinus  Senckenberffii,  Herm.  v.  Meyer.  Kastner,  Ar- 
chiv  fur  die  Naturlehre,  Bd.  vii.  S.  185.  tab.  2.  fig.  1-5.  Bronn, 
Lethsea,  tab.  4.  fig.  1 .  Echinosphcerites  angulosa  et  striakiy  Pander, 
tab.  2.  fig.  27-31.  VoUborth,  Bulletin  Scientifique  de  FAcad.  de 
P6tersb.  x.  n.  19.  tab.  1.  7-12.  tab.  2.  Bullet  de  TAcad.  1844. 
t.  3.  n.  6.] 

Plate  III.  fig.  7.    Plate  IV.  fig.  3,  4. 

The  determination  of  this  genus  long  rested  upon  the  evidence  of 
a  single  specimen,  which  has  since  disappeared  and  cannot  now  be 
referred  to.  M.  v.  Meyer  has  however  described  it  so  well  and  so 
distinctly  that  no  doubt  is  left  as  to  its  peculiarities,  and  a  specimen 
has  been  since  clearly  and  well  figured  by  M.  Vollborth  of  St. 
Petersburg.  Through  the  efforts  of  M.  Kranz  also,  several  speci- 
mens have  at  length  (November  1844)  been  received  at  Berlin,  so 
that  now  everything  is  obtained  that  can  throw  light  on  the  investi- 
gation of  this  very  remarkable  species. 

From  all  the  Cvstidea  hitherto  met  with,  the  present  is  at  once 
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distinguished,  fii-st,  by  the  unusually  large  dimensions  of  the  sitiu; 
secondly,  by  tlie  very  large  and  projecting  ovarial  aperture,  which 
is  situated  in  the  lower  instead  of,  as  in  other  cases,  the  upper  hall' 
of  the  cu[) ;  thirdly,  by  the  elongated  form  of  the  mouth  ;  fourthlvi 
by  the  very  strikingly  prominent  rhombic  strise  passing  from  one 
plate  to  another,  and  rendering  the  actual  line  of  demarcatioD  be- 
tween the  plate.^  generally  very  difficult  to  find;  and  lastly,  by  a 
singular  and  finely  striated  basal  plate,  and  a  similar  finely  striated 
segment  of  a  ])late  placed  diametrically  opposite,  between  the  ova- 
rial  orifice  and  the  mouth. 

The  stem  is  very  slender  at  its  further  extremity,  and  is  provided 
with  articulations  whose  length  is  three  or  four  times  greater  thaa 
their  diameter.  Towards  the  cup  the  diameter,  however,  increases^ 
the  articulations  approach  one  another  and  become  rings,  and  at 
length  when  they  reach  the  basal  plate  and  pass  into  it,  this  diameter 
is  as  much  as  one-lliird  of  the  whole  diameter  of  the  cup  (Vol!- 
borth,  Bulletin  de  I'Acad.  de  Petersb.  x.  tab.  2). 

The  base  of  the  cup  into  which  the  stem  passes  is  a  nearly  perfect 
square,  which  may  become  changed  into  a  rhomb,  the  angles  of 
which  are  bluntecl  by  the  compression  of  the  entire  form.  The 
basal  plates  are  deeply  depressed  near  where  the  stem  is  attached. 

Four  basal  plates  surround  the  depressed  square  in  such  a  manner 
that  each  j>late  encloses  one  angle  of  the  square,  and  its  edges  reach 
the  middle  points  of  the  two  enclosing  sides.  Three  of  the  plates 
are  teniinated  by  similar  triangles  having  the  vertical  angle  directed 
upwards,  but  the  fourth,  in  the  direction  of  the  ovarial  oritice,  has 
this  vertical  angle  truncated.  Hence  it  becomes  pos>ibIe  that  the>€ 
four  plates  may  support  five  parnhasalia  (corresj>onding  to  lateral 
plates),  namely  four  alternating  with  and  occupying  the  spaces  bc- 
twef  n  the  triangular  ones,  and  the  fifth  placed  on  the  truncated 
angle  towards  the  ovarial  opening.  A  group  of  five  parabasalia  of 
the  second  order  is  placed  alternating  with  and  above  these,  and 
lastly,  another  group  of  five  of  smaller  size  and  of  the  third  order 
surround  the  mouth.  All  these  plates  are  covered  with  very  pro- 
minent stria?,  which  project  like  ridges  and  arc  at  right  angles  to 
the  edges  of  each  [)late,  continuing  without  interruption  from  one 
plate  to  another,  as  in  most  of  the  Crinoidea  and  C'ystidea.  Onk 
three  ridges  proceed  to  each  edge,  and  two  smaller  ones  pass  into 
these  to  form  a  prominent  triangle  where  three  plates  meet.  Since 
therefore  eveiy  j)late  is  properly  a  hexagon,  we  have  rhombs  pro- 
ceeding from  eaeli  of  the  six  edges,  their  longer  diameters  and  acute 
angles  meeting  in  the  central  points  of  two  adjacent  plates.  Stria 
of  growth  parallel  to  the  edges  of  the  plates  fill  up  the  space  be- 
tween the  other  striie  and  at  right  angles  to  them,  but  are  by  do 
means  so  prominent. 

It  is  yet  more  remarkable,  but  still  common  to  all  the  individuals 
of  this  species,  that  one  of  the  basal  plates  exhibits  much  more  deli- 
cate perpendicular  striae  than  the  rest,  and  that  these  fine  strise  pro- 
ceed to  the  adjacent  plate.  Instead  of  three  of  such  strise,  aUo, 
there  are  no  less  than  ten,  and  they  appear  at  first  sight  to  form  two 
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rhouibic  plates,  while  the  striation  of  the  edgis  oi'  the  plate  through 
the  middle  of  the  smaller  diagonal  is  entirely  concealed.  Tlie  plate 
so  delicately  striated  is  generally  somewhat  elevated  above  the  ad- 
jacent ones,  and  in  a  line  drawn  from  the  pelvis  upwards  through 
this  vertical  point  and  between  the  two  finely  striated  rhombs  we 
find  the  mouth,  which  is  distinctly  elongated  in  this  direction.  On 
each  side  of  the  mouth  and  still  in  the  same  direction,  there  is  also 
a  very  similar  finely  striated  rhomb,  which  is  formed  from  the  lower 
triangle  of  the  hexagonal  plate  of  the  third  order  and  the  upper 
plate  of  the  second  order,  and  is  situated  rather  on  one  side  between 
the  ovarial  opening  and  the  mouth.  These  five  striae  always  termi* 
natc  with  an  opening  which  penetnites  through  the  plate,  and  from 
which  doubtless  ambulacra  may  have  proceeded. 

It  is  worthy  of  notice,  that  a  section  made  through  the  finely- 
striated  basal  plate,  the  longer  direction  of  the  mouth,  the  ovarial 
orifice  and  the  longer  diagonal  of  the  basal  rhomb,  would  divide  the 
entire  animal  into  two  symmetrical  halves,  which  are  always  di- 
stinctly compressed  parallel  to  this  direction,  to  which  indeed  the 
singularly  strong  projection  of  the  ovarial  orifice  may  not  a  little 
contribute. 

The  elongated  aperture  which  forms  the  mouth,  and  which  is  in 
the  direction  of  the  ovarial  orifice,  is  surrounded  by  what  may  be 
called  lips,  consisting  of  a  pouting  forward  of  the  plates  which  pro- 
ject outwards  near  the  mouth.  Upon  these  lips  and  around  them 
may  be  seen  five  or  six  holes  hardly  larger  than  those  upon  the 
lateral  plates,  whence  ambulacra  appear  to  have  proceeded ;  but 
sometimes  these  holes  are  open  towards  the  interior,  the  side  or  wall 
in  that  direction  being  absent,  and  the  appearance  is  then  rather  as 
if  the  lips  were  bent  forward  towards  one  another.  It  is  highly 
probable  that  here  also  tentacula  were  protruded.  M.  Vollbortli 
has  noticed  and  drawn  these,  and  believes  that  he  recognises  in  them 
indications  of  arms  as  in  Crinoidea ;  but  it  would  indeed  be  strange, 
if,  while  everything  else  is  so  opposed  to  the  Crinoidal  type,  there 
should  thus  be  a  spot  at  which  arms  were  inserted.  But  even  if 
this  were  so,  we  should  not  be  justified  in  considering  the  present 
genus  as  Crinoidean,  were  it  oidy  for  the  large  ovarial  aperture  on 
the  side,  which  is  not  met  with  in  the  members  of  this  latter  family. 
These  tentacula  may  possibly  have  been  covered  with  small  plates, 
like  the  proboscis  of  Hemicostnites  and  Sphceroniies,  and  this  VoU- 
borth's  drawing  induces  us  to  conjecture. 

The  large  ovarial  orifice  occurs  at  the  junction  of  four  of  the  lateral 
plates,  two  of  them  being  of  the  first  and  the  other  two  of  the  second 
order.  The  middle  striae  of  each  plate  are  elevated  and  swelled  out 
almost  to  a  cylindrical  form,  so  that  the  junction  of  these  four  semi- 
cylinders  forms  the  edge  of  the  aperture  and  renders  it  quadrangular ; 
but  it  happens  occasionally,  though  seldom,  that  one  of  the  plates  is 
absent  and  only  three  surround  the  opening.  It  is  quite  peculiar  to 
this  genus,  that  the  aperture  in  question  is  not,  as  in  all  the  other 
Cystidea,  placed  in  the  same  (the  upper)  hemisphere  as  the  mouth, 
but  in  the  lower  half  of  the  cup,  nearly  over  the  opening  on  which 
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tbe  stem  b  placed,  and  diametrically  opposite  the  diamoDd-thaped 
set  of  pores  on  the  basal  plate. 

The  ridges  which  surround  the  opening  very  often  rise  so  high 
that  they  project  far  above  the  side,  in  the  manner  of  a  proboscis; 
but  that  it  is  a  true  ovarial  opening  and  not  an  anus,  as  it  has  been 
often  considered,  appears  clear  from  what  is  observed  in  the  Spbc- 
ronite  and  Caryocystite,  where  the  mouth  is  always  accompanied  by 
an  exactly  similar  smaller  aperture  adjacent,  invariably  acknow- 
ledged as  the  anus,  and  in  the  allied  forms  this  aperture  is  in  no 
case  far  removed  from  the  mouth,  while  sometimes,  as  in  Padffb' 
mitesy  it  is  actually  placed  within  that  cavity.  Such  may  also  be 
the  case  in  Sycocystites* 

It  is  a  question  yrheihev  Sycocyttites  striaius  (Pander,  tab.  2.  fig.  SO, 
31.  tab.  28.  fig.  12)  ought  to  be  considered  a  distinct  species  or 
merely  a  variety  of  the  foregoing.  It  is  of  the  form  described  and 
figured  by  M.  von  Meyer,  and  in  all  essential  points  the  two  are 
identical,  even  with  regard  to  the  remarkable  and  striking  diamond- 
shaped  rows  of  pores,  but  the  plates  are  covered  with  a  larger  nam- 
ber  of  striae  at  right  angles  to  the  edges,  and  these  striae  aie  not  so 
prominent.  In  this  so-called  S.  striahu^  which  attains  a  larger  site 
than  the  species  above  described,  there  are  ten  or  twelve  strie  on 
every  rhomb,  and  as  many  as  fifteen  in  that  marked  by  pores.  The 
larger  species  is  evidently  the  same  as  that  described  and  badij 
figured  by  Schlottheim  in  the  **Isis"  for  1826  (Heft  iii.  tab.  1. 
fig.  1),  the  identical  specimen  having  been  before  described  by  Von 
Meyer  in  January  1825.  Schlottheim  erroneously  calls  it  Echuuh 
sphcBrites  granatum^  Wahl.,  and  others  have  without  examination 
repeated  this  mistake. 

Both  species  have  been  found  hitherto  only  at  Pulcowa  near  St 
Petersburg. 


Genus  CRYPTOCRINITES. 

7.  CiiYPTocRiNiTEs  CERAsus,  Vou  Buch.  {^EchinosphiBriies  kni$. 
Pander,  p.  14-7.  tab.  2.  fig.  24-26.  V.  Buch,  Beitr.  z.  Bestd. 
Gebirgsform.  in  Ilussl.  p.  36.  tab.  1.  fig.  4,  5,  9,  10, 12.  Sycocri- 
nites  Jacksoni  et  anapeptamenuSy  Austen,  Annals  of  Nat.  Hist 
1843,  vol.  xi.  p.  206.] 

Plate  III.  fig.  8. 

Form  nearly  spherical,  but  somewhat  swelled  out  in  the  lower 
hemisphere.  Three  plates  surmount  the  slender  pedicle,  two  larger, 
pentagonal,  and  one  smaller,  rhomboidal.  As  is  the  case  invariablj 
in  the  Cystideuy  the  two  pentagonal  plates  bisected  become  each  of 
them  a  pair  of  equal  and  similar  rhomboidal  plates. 

Of  lateral  plates  there  are,  first,  a  row  of  five,  two  of  them  placed 
on  the  bases  of  the  two  pentagons  and  the  others  touching  two  sidei 
of  adjacent  plates.     Five  other  plates  alternating  with  these  com- 
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plete  the  cup.  The  mouth  is  in  the  centre  of  the  summit,  slightly 
prominent  or  probosciform,  and  covered  with  very  small  plates.  The 
ovarial  orifice  is  covered  with  five  small  valves,  rarely  preserved, 
arranged  like  a  star ;  and  in  each  of  the  valves  is  a  small  orifice 
open  to  the  interior  of  the  plate,  as  in  Sphctronites,  but  situated 
exactly  in  the  middle  of  the  valve,  and  probably  serving  for  the 
protrusion  of  the  eggs.  There  is  a  remarkable  arrangement  admi- 
rably shown  in  a  specimen  in  the  Royal  Collection  of  Minerals  at 
Berlin,  which  clearly  proves  that  this  opening  cannot  be  looked 
upon  as  an  anal  aperture.  The  aperture  is  placed  at  the  junction 
of  two  lateral  and  one  summit  plate,  and  the  lateral  plate  on  the  left 
side,  which  reposes  on  the  intersection  of  the  two  basal  pentagons, 
is  divided  throughout  into  two  smaller  plates  which  are  attached  at 
the  broader  sides  of  each ;  appearances  which  must  manifestly  stand 
in  close  relation  to  the  arrangement  of  the  internal  organs.  The 
anal  opening  is  placed  a  little  to  the  tight,  between  the  ovarial  ori- 
fice and  the  mouth,  but  it  is  oflen  hardly  visible. 

Five  blunted  comers  may  very  distinctly  be  traced  on  this  species, 
reaching  firom  the  pelvis  quite  up  to  the  summit  They  are  unques- 
tionably indications  of  arms  which  have  vainly  endeavoured  to 
become  liberated  towards  the  summit  and  extend  themselves  up- 
wards. 

Although  the  specimens  described  exhibit  no  traces  of  rhombic 
striae,  this  may  in  all  probability  have  arisen  from  the  worn  condition 
of  their  surface. 

Locality : — Pulcowa,  and  abo  Narwa  on  the  Narowa,  according 
to  M.  Blasius. 


Mr.  Austen  states  that  Sycocrinites  exhibits  three  dorso-central 
(pelvic)  plates,  which  form  a  pentagon,  and  supporting  five  periso- 
mic  (lateral)  plates,  while  five  other  plates  rise  in  a  dome-like  form 
to  the  central  mouth.  He  adds  that  an  anal  (ovarial)  orifice  is  found 
at  the  side,  and  that  there  are  no  arms.  This  is  manifestly  the  de- 
scription of  a  CryptocTtnite  (so  named  in  1840);  but  this  author 
does  not  state  the  locality  of  his  specimen,  and  not  even  whether  it 
is  English ;  and  this  is  so  much  the  more  to  be  lamented,  since  it  is 
important  to  know,  in  case  of  this  locality  being,  as  it  probably  is, 
in  England,  with  what  Crinoidea  it  was  found  associated.  The  Sy- 
cocrinites clausus  has  however  an  additional  row  of  lateral  plates, 
and  would  properlv  form  a  distinct  genus. 

The  so-called  Asterocrinus  of  AusteA,  provided  with  ambulacra, 
evidently  belongs  to  the  Blcutoidea  of  Say,  and  approximates  closely 
to  the  Pentrtmiies. 

Some  fossils  described  by  M.  Eichwald  and  named  Cyclocrinites 
Spaskii  (Urw.  Russl.  p.  4"8.  tab.  I .  fig.  8)  and  Heliocrinites  echinoides 
(Duke  of  Leutchenberg,  p.  18.  tab.  2.  fig.  1 1, 12)  are  too  indistinctly 
known  to  be  identified.  They  are  round  bodies  not  having  any  vi- 
sible place  of  attachment  for  a  stem,  and  neither  mouth  nor  ovarial 
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orifice,  and  therefore  nothing  that  can  mark  them  as  belonging  to 
the  Ci/stidea.  M.  Eichwald  conjectures,  and  with  some  probability, 
that  they  may  be  coralline  bodies,  perhaps  FavoHtes  {Calamopcm) 
resembling  the  specimens  described  by  M.  Pander  (tab.  29  of  bis 
book,  fig.  4r,  5,  6). 


The  Cystidea  l>elong  unquestionably  to  the  most  ancient  for- 
mations of  the  earthV  surface,  to  the  Silurian  strata  of  the  Palseozoic 
period.  In  more  recent  formations  nothing  analogous  to  them  has 
hitherto  been  met  with,  and  still  less  do  they  appear  in  the  existing 
creation.  That  they  form  the  extreme  verge  of  an  entire  group  (5 
Radiaria,  is  shown  by  these  ancient  and  isolated  examples ;  and  the 
Caryocrinite  indicates  in  a  most  singular  manner  in  what  way  the 
passage  from  Cystidea  to  Crinoidea  may  have  taken  place.  As 
soon  as  this  happened  and  arms  were  developed,  this  group  of  animab 
multiplied  itself  immediately  into  a  vast  variety  of  forms,  and  during 
the  carboniferous  period  appears  to  have  attained  its  maximum. 

The  closed  cup  which  in  Cy^idea  enwrapped  and  concealed 
the  whole  animal  then  gradually  disappeared,  and  at  length,  as  in 
Pentacrinusy  is  hardly  more  than  a  basis  upon  which  the  soft  parts 
were  supported. 

In  the  rocks  of  the  Oolitic  series,  the  multitude  of  genera  dimi- 
nished rapidly,  while  the  distribution  of  the  separate  species  in- 
creased in  almost  the  same  proportion ;  and  at  length,  in  the  upper 
oolites,  we  find  that  the  animal  had  broken  loose  from  its  pedicle, 
and,  in  the  form  of  Comatula,  appears  as  a  free  swimming  animal. 

Apiocrinites  eliipHcus  is  almost  the  only  true  Crinoid  of  the  chalk 
which  connects  itself  with  the  older  forms,  and  Peniacrinus  Caput 
Medusa:,  whicli  still  remains,  offers  but  a  faint  shadow  of  the  noble 
and  beautiful  sea-lilies  of  the  ancient  seas.  But  in  the  PerUacrinus 
evrop<BUs  {Comatula  rosacea),  discovered  in  1827,  we  seem  to  have 
this  whole  change  brought  about  in  the  transmutations  of  a  single 
species.  Miiller  (PentacrinuSy  p.  7)  thus  expresses  the  modifica- 
tion : — "  The  younger  specimens  appear  like  little  clubs  (CysHdea) 
fixed  by  a  spreading  base,  and  send  out  from  their  summits  a  few 
pellucid  tentacula.  No  portion  of  the  hard  part  is  visible,  except 
an  indistinct  appearance  of  the  cup.  At  a  more  advanced  stage 
the  arms  begin  to  appear,  at  the  same  time  with  the  prolongation  of 
the  stem,  and  the  pinnules  are  more  prominent  and  become  visible 
as  cirrhi,  on  which  the  arms  elongate.  It  is  then  a  Crinoid.  \Vlieii 
full-grown  the  animal  disengages  itself  entirely  from  its  stem,  be* 
coming  a  Comatula,  and  now  swims  freely  in  the  sea  without  being 
interfered  with  in  its  further  development." 
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Note. — Pseudocriuites  hicopuladigiti,  figured  by  Mr.  R.  Garnet 
in  the  'Natural  Ilistorj'^  of  Staffordshire  *  (fig.  A.  8-13),  copied  in 
the  *  Athenaeum,'  No.  803,  fig.  10,  and  described  by  Messrs.  Bennett 
and  Pcarcc,  is  manifestly  a  Cystidea  resembling  Caryoq^stites.  An 
ovarial  orifice  may  be  observed  in  the  upper  part,  and  beyond  the 
basal  plates  three  rows  of  hexagonal  plates  rise  one  above  another 
to  the  completely  enclosed  summit.  The  specimen  is  in  the  Dudley 
Museum,  but  the  locality  is  not  given. 

A  species  figured  and  described  by  Mr.  J.  Sowerby  in  the  '  Zoo- 
logical Journal '  (ii.  318)  also  probably  belongs  to  this  family.  Five 
long  tentacula  proceed  from  the  mouth.  A  large  ovariid  orifice 
may  be  observed  at  no  great  distance  from  the  mouth,  and  a  con- 
siderable number  of  irregular  plates  surround,  as  in  SpJusronUes, 
the  spheroidal  figure.  It  was  discovered  by  Mr.  Bigsby  not  far  from 
the  falb  of  La  Chaudierc  on  the  Ottawa  river  in  Lower  Canada. 

D.  T.  A. 


DESCRIPTION  OF  THE  PLATES. 


Flats  III. 


Fig:ure  1.  Caryocrmuf  omatusj  natural  size,  viewed  from  the  side. 

a.  Mouth. 

c.  Base,  and  attachment  of  the  stem. 
e^  e.  Single  arms. 
/,/.  Pairs  of  arms. 

2.  Ditto,  seen  from  above. 

3.  Sphteronitei  aurantiMm,  natural  size,  viewed  from  the  side. 

a.  Mouth  and  proboscis,  with  the  small  anal  orifice  (d)  ad- 

joining. 

b.  Ovarial  orifice  closed  with  valves. 

c.  Attachment  of  the  stem. 

d.  Anal  orifice*. 

4.  CaryocyttUet  granaivm,  natural  size,  viewed  from  the  side. 

5.  Caryocyttitei  tettudinaritUf  ditto. 

6.  Hemicosmitet  pyr^ormitf  ditto. 

7.  Sycocystiies  angukmu  vel  Senckenbergiif  ditto. 

8.  Cryptocrinitet  eeratuti  ditto. 

9.  Ditto,  seen  from  above. 


*  Tht  same  letters  of  reference  apply  to  the  remaining  figures  in  this  pUte. 
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Plate  IV. 


Fig;ure  1.  Cmyncrmiin  armatua.    The  tepiLnte  pUtes  detached  to  a 
the  Imw  of  their  amngement. 

«.  Mouth. 

e.  Attachment  of  the  item. 

e.  Single  arms. 

/.  Pain  of  arms. 

p.  Basal  plates. 

ji|.  Small  fbar-sided  platet. 

jPf.  Large  five-sided  eompound  plates. 

q.  Lateral  plates. 

7,.  Hexagonal  pUtes  IcadiDg  to,  and  oppoMte,  the  wmiI 
9s.  Pentagonal  plates. 
9s.  Heptagonal  plates. 

r.  Scapular  plates. 

r,.  Plates  terminating  downwards  in  an  angle, 
r^.  Plates  resting  on  a  truncated  angle. 

2.  Caryocyttites  gnmatum.    Plates  detached.~The  whole  of 

pelvic  pUtes  and  the  lateral  plates  on  one  side  exhibitiat 
position  of  the  mouth  and  ovarian  orifice. 
p.  Pelvic  plates. 

Pi,  Pentagonal  plates. 
Pf.  Quadrangular  plates. 

g.  Lateral  plates,  first  row. 
r.  Ditto,  second  row. 
s.  Ditto,  third  row. 

ti.  PentagonaL 
«).  IlexagoDal. 

/.  Ditto,  fourth  row. 

3.  Sycocyttitet  Senckenberyii,    The  development  of  the  sent 

plates.  '^ 
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II.    NOTICES  OF  NEW  BOOKS. 


Traiti  ^lementaire  de  Paleontologie,  au  Histoire  Naturdk  des 
Animaux  Fossiies.  Par  F.  J.  Pictet,  Prof,  de  Zool.  et  d'Anat 
Comp.  a  I'Acad.  de  Geneve*.     4  vob.  8*>.     Paris,  1844-45. 

Of  this  work,  which  has  been  very  favourably  noticed  by  M. 
Agassiz,  the  friend  of  the  author,  three  volumes  only  have  hitherto 
appeared  ;  the  fourth,  which  is  to  contain  a  general  risumiy  and  a 
sketch  of  the  history  of  organization,  founded  on  the  principal  data 
which  geology  fumbhes  concerning  the  various  phases  through 
which  our  globe  has  passed,  will  be  published,  it  Is  believed,  very 
shortly. 

The  plan  of  the  work  Is  simple  and  convenient  The  author 
commences  with  some  general  considerations  on  Palaeontology  as  a 
science,  on  the  nature  of  fossilizatton,  the  geological  distribution 
of  fossils,  the  zoological  principles  of  classification,  and  the  determi- 
nation of  fossib.  Assuming  that  hb  readers  possess  some  knowledge 
of  natural  hbtory  and  comparative  anatomy,  without  which.  Indeed, 
any  useful  knowledge  of  palaeontology  b  Impossible,  he  then  de- 
scribes the  various  genera  found  fossil,  merely  enumerating  the 
principal  extinct  species,  and  only  dwelling  at  length  on  generic 
forms  when  the  genus  b  no  longer  met  with  on  the  earth.  The  first 
volume  includes  an  account  of  the  Mammab  and  Birds ;  the  second, 
the  Reptiles,  Fbhes  and  Cephalopodous  Mollusks ;  and  the  third  and 
fourth  Include  the  remainder  of  the  Invertebrata.  These  volumes 
being  to  a  certain  extent  elementary,  cannot  be  expected  to  present 
in  the  body  of  the  work  any  points  which  admit  of  special  notice ; 
but  the  views  of  the  author,  as  expressed  in  his  chapter  on  the  geo- 
logical dbtributlon  of  fossib  and  the  succession  of  extinct  species  on 
the  globe,  and  abo  on  the  theories  which  have  been  suggested  to 
account  for  palsontological  phaenomena,  It  may  be  useful  to  put 
before  English  geological  readers,  since,  though  they  do  not  in  all 
cases  agree  with  the  prevalent  opinion  on  such  subjects  in  our  own 
country,  they  are  systematically  expressed,  and  illustrate  views  held 
by  an  important  section  of  continental  naturalbts. 

It  b  one  of  the  most  elementary  facts  of  geology,  that  there  are 
certain  groups  of  species  found  fossil  In  the  various  sets  of  strata  of 
which  the  earth's  crust  b  made  up,  and  that  these  demonstrate  the 

*  Elementary  Treatise  on  PaUcontology,  or  Natural  Ilibtory  of  Fotail  Animals. 
Bv  F.  J.  Pictet,  Prof,  of  Zool.  and  Nat.  llist.  in  the  University  of  Geneva.  4  volt. 
8vo.  Paris,  1814-45. 
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existence  of  something  like  a  genes  of  distinct  faunas.  "  The  com- 
parison  of  such  faunas  sometimes  presents  very  important  results^ by 
generalising  from  which  certain  supposed  laws  have  been  arrived 
at,  which  it  is  assumed  have  governed  the  succession  of  organized 
beings.  Possibly  these  have  been  too  hastily  assumed,  and  the  im- 
portance of  some  phoenomena  overrated ;  but  at  any  rate  such  gene- 
ralizations have  been  useful,  and  they  have  greatly  tended  to  advance 
paleeontological  science.  It  will  be  useful  to  consider  what  these 
supposed  laws  are,  and  how  far  they  are  well-grounded.  The  num- 
ber of  the  principal  ones  mav  be  reduced  to  five,  and  we  will  exa- 
mine them  successively." — Vol.  i.  p.  57. 

Law  1.  "  Tlie  species  of  animals  belonging  to  one  geological  epodi 
have  not  existed  either  before  or  after  this  epochs  so  that  each  fof' 

.  mation  has  special  fossils,  and  identical  species  are  not  found  in 
ttvo  formations  of  different  age*. 

"  Concerning  this  law,  I  believe  that  the  progressive  advance  of 
science  will  every  day  demonstrate  more  clearly  its  certainty  and 
generality  ;  but  it  is  one  not  equally  admitted  by  all  geologists;  and 
many,  whose  authority  possesses  great  weight,  consider  that  although 
true  with  regard  to  the  greater  number  of  the  species  of  each  epoch, 
yet  that  it  is  not  generally  true,  since  many  species,  as  they  sup- 
pose, have  been  carried  through,  and  are  the  same,  from  one  epoch 
to  another. 

"  The  determination  of  the  question  thus  at  issue  is  a  matter  of 
great  interest  in  palaeontology,  for  upon  the  degree  to  which  our 
supposed  law  is  admitted,  depends  entirely  the  opinion  that  will  be 
had  of  the  application  of  this  science  to  geology.  If  fossils  are  pe- 
culiar to  certain  formations,  they  characterise  them  absolutely ;  but  if, 
on  the  contrar}',  some  are  peculiar,  while  others  are  common  to  se- 
veral groups  of  strata,  a  portion  only  of  the  whole  number  can  fur- 
nish us  with  results,  and  thence  is  introduced  a  source  of  consider- 
able uncertainty  and  great  chance  of  error.  Those  geologists  who 
have  not  admitted  what  may  be  termed  the  speciality  of  fossils,  but 
who  at  the  same  time  are  aware  that  these  bodies  must  exercise  an 
inportant  influence  on  the  determination  of  formations,  have  made 
a  distinction  between  characteristic  fossils, — those  namely  whose  pre- 
sence is  looked  upon  as  a  certain  criterion  by  which  to  mark  the  age 
of  a  bed,  and  those,  on  the  other  hand,  which  are  not  characteristic, 
or,  in  other  words,  are  not  capable  of  being  made  use  of  for  such 
purpose.  But  those  naturalists  who  admit  the  speciality  of  fossils 
regard  them  all  as  characteristic  and  as  furnishing  equally  certain 
results,  provided  only  that  they  are  distinctly  made  out. 

**  In  the  discussion  of  this  important  law,  palaeontologists  do  not 
all  start  with  the  same  data.  M.  Defrance  indeed  has  assumed  a  sort 
of  special  position  in  the  study  of  fossil  shells.    In  comparing  them, 

*  [This  being  a  view  altogether  different  from  that  taken  by  most  English  pa- 
laeontologists, I  have  thought  it  better  to  translate  literally  the  illustration  of  the 
supposed  law  as  given  by  the  author.— Ed.] 
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he  distinguishes  three  degrees  of  resemblance,  denominating  those 
identical  of  which  the  individuals  compared  present  not  the  smallest 
difference;  describing  as  analogoits  species  those  which  differ  by 
such  peculiarities  as  in  existing  species  would  mark  varieties,  and 
which  may  be  attributed  to  local  or  climatal  influence ;  and  recog- 
nising as  subamilogous  those  which  have  but  an  imperfect  analogy, 
passing  beyond  the  limits  assigned  to  varieties  of  the  same  species. 
He  only  considers  as  extinct  species  those  which  have  none  of  these 
degrees  of  resemblance  with  existing  forms. 

"This  method  of  comparison  has  been  favourably  received  by  many 
geologists  and  conchologists,  nor  would  I  deny  that  it  has  exercised 
a  happy  influence,  by  directing  attention  to  the  various  degrees  of 
resemblance  that  exist  between  fossil  and  living  shelb.  But  it  seems 
to  me  that  it  introduces  unnecessary  complication  into  the  question 
now  under  discussion*  ;  and  that  instead  of  four  kinds  of  difference 
and  resemblance,  it  is  more  simple,  more  logical  and  more  natural  to 
admit  but  two.  I  think  that  the  point  is,  not  to  determine  whether 
shells  are  identical^  analogous^  siibajialogous  or  extinct^  but  to  settle 
whether  or  not  they  are  of  the  same  species, 

"  If  we,  in  fact,  consider  attentively  the  distinctions  established 
by  M.  Def ranee,  we  shall  see  that  the  group  of  analogous  shells  is 
by  no  means  brought  within  clear  and  well-defined  limits.  If  this 
skilful  naturalist  only  considers  as  analogous  those  forms,  between 
which  the  differences  are  such  as  would  allow  us  to  unite  them  as 
varieties  of  the  same  species,  if  they  were  both  recent,  there  is  in 
fact  no  real  distinction  between  identical  and  analogous  species, 
since  absolute  identity  never  exists,  and  the  difference  is  confined 
to  unimportant  characters,  not  sufRcient  to  prevent  our  recognising 
the  two  forms  as  resulting  from  the  same  stock.  Between  the  mi- 
nute variations  which  the  naturalist  entirely  neglects  and  those 
which  induce  him  to  designate  a  certain  form  as  a  variety,  there  are 
insensible  gradations,  which  entirely  disappear  in  comparison  with 
the  important  fact  of  identity  of  specific  character  in  the  species 
which  exhibit  them. 

"  But  if  M.  Defrance  understands  by  analogous  species  those 
which  differ  by  characters  a  little  more  considerable  than  such  as  are 
met  with  in  the  varieties  of  recent  species,  and  admits  at  the  same 
time  that  such  differences  may  have  been  produced  by  the  inHiience 
of  climatal  changes  or  by  geological  causes,  hb  distinction  becomes 
more  suspicious,  for  he  prejudges  a  doubtful  question,  assuming  the 
agency  of  causes,  the  extent  of  w  hose  action  is  unknown  and  ill-de- 
fined. For  the  determination  of  so  nice  a  question,  we  are  only  at 
liberty  to  reason  from  positive  data,  which  the  study  of  existing  na- 
ture can  alone  furnish  ;  and  to  admit  other  influences  is  in  fact  to 
give  up  gratuitously  positive  facts  for  hypotheses.  If  two  species 
differ  by  characters  which  cannot  be  explained  by  the  influence  of 
external  agents,  limited  as  we  know  them  to  be  at  present,  the  pa- 

*  "  I  speak  here  only  of  the  main  question.  There  are  others  secondary  and  of 
smaller  importance,  where  the  degree  of  resemblance  between  different  bhells  is  a 
matter  of  considerable  interest." 
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laeontologist  is  bound  to  consider  them  as  distinct  species  in  tke  pre- 
sent state  of  science.  He  will  in  this  wa j  bring  togeiher  focti  M 
ma}*  be  compared ;  and  the  limits  of  species  will  possess  for  bia  i 
clearness  which  they  cannot  have  if  it  is  admitted  that  they  mt^ 
vary  in  a  manner  not  admitting  of  strict  defioition,  and  from  tkeii- 
fluencc  of  causes  which  escape  detection  for  the  very  reason  ty 
they  are  supposed  to  be  different  from  those  which  act  at  preseH*. 

'*  The  group  of  mibanalogaus  species  seems  to  me  no  better  esti- 
blishcd  than  tlie  analogous  ones ;  for  if  the  shells  so  designated  dftr 
by  characters  too  important  to  allow  of  their  being  referred  to  the 
same  species,  it  is  clear  that  in  the  view  of  the  question  we  are  nor 
taking,  this  word  is  synonymous  with  different  or  extind  wpeaa, 

'*  1  think  therefore  that  it  is  more  proper  and  more  conformable  to 
facts,  not  to  take  account  at  present  of  these  intermediate  degrees  of 
analogy ;  but  in  discussing  the  law  of  the  specialitj  of  fossils,  to 
apply  to  the  investigation  of  these  remains  of  ancieot  animals  the 
same  laws  which  guide  the  naturalist  in  ths  esiablishment  of  exiil- 
ing  species.  The  distinctions  established  by  M •  Defrance  wiU  sti 
be  useful  in  the  comparison  of  the  extinct  species  of  different  geo* 
logical  faunas,  since  it  may  often  be  a  matter  of  interest  to  koor 
the  greater  or  less  degree  of  resemblance  that  exists  between  surk 
species  and  those  which  preceded  or  succeeded  them. 

"  This  point  being  establbhed,  the  question  is  simplified,  and  is 
solution  depends  entirely  on  the  examination  of  facts  umier  the 
guidance  of  zoological  principles  properly  so  called.  It  may  seen 
then  that  we  have  only  to  compare  the  lists  of  the  fossils  of  each 
formation  as  established  by  palaeontologists,  in  order  to  see  whether 
the  same  names  are  repeated ;  but  unfortunately  these  lists,  oftee 
prepared  hastily,  and  sometimes  by  superficial  obsenrersy  or  by  those 
little  versed  in  zoolog}^  arc  not  always  such  as  to  inspire  confidence, 
and  indeed  most  of  them  abound  with  errors.  The  result  of  the 
comparison,  if  these  lists  are  taken,  is,  that  many  species  occur  ia 
more  than  one  formation ;  but  the  more  carefully  fossils  are  studied, 


*  "These  strict  limitations  in  laying  the  foundation  of  otir  argument  by  no  i 

prevent  subsequent  discussion  concerning  the  prolonged  inlloence  of  extend 
agents ;  and  I  think  that  the  partisans  of  the  theory  of  the  passage  of  spedei 
from  one  formation  to  another  must  necessarily  grant  so  mach  aa  a  point  of  d^ 
parture.  Logically  there  are  for  them  but  two  courses  to  take ;  namely,  either  lo 
limit,  as  we  have  done,  the  determination  of  fossil  species  by  the  same  priodplei 
as  those  which  are  introduced  with  regard  to  existing  nature,  or  else  to  reonite  a 
the  same  species  all  those  animals  which  they  consider  to  have  proceeded  from  the 
same  type.  Now  if  this  last  method  is  followed,  a  miachieTons  TariabOity  ii  ■- 
trod  need  with  regard  to  the  limits  of  specific  character.  One  naturalist  will  mam 
together  only  certain  animals  which  seem  to  him  to  possess  resemblances  too  con- 
siderahle  to  admit  of  other  than  a  common  origin.  Othera,  adopting  to  a  areata 
extent  the  theory  of  gradual  development,  will  associate  under  a  comnmn  specife 
name,  genera  and  even  whole  families  which  they  look  upon  as  fbrminir  a  aeries  of 
modifications  of  a  primitive  type.  There  is  no  longer  either  fixed  role  or  nnitT. 
I  am  indeed  well-aware  that  these  extreme  results  are  far  from  acoordinr  wiik 
the  views  of  the  learned  conchologist  whose  opinions  I  am  combatinir,  bat  it  it 
dangerous  to  advance  even  a  single  step  in  a  wrong  direction,  lest  we'ahonM  be 
obliged  to  follow  out  such  a  mistaken  route  to  extrennty." 


pictet's  palaeontology.  47 

the  more  do  these  supposed  identifications  disappear ;  and  I  firmly 
believe  that  as  the  science  advances,  it  will  be  found  to  have  been 
only  by  mistaken  resemblances  that  the  same  name  has  been  applied 
in  the  catalogues  to  fossils  of  different  formations.  The  present  state 
of  palaeontology  does  not  perhaps  permit  us  to  affirm  this»  but  every 
probability  is  in  favour  of  the  speciality  of  fossils.  All  the  investi- 
gations properly  made  by  careful  zoologists,  and  with  the  precision 
which  is  now  demanded  of  the  palaeontologist,  have  invariably  ter- 
minated in  the  result,  that  the  fossils  of  each  formation  are  different 
The  most  eminent  palaeontologists  are  now  agreed  with  regard  to  this 
fundamental  fact ;  and  I  am  perfectly  satisfied  that  we  may  fully 
expect  its  confirmation  as  time  advances.  It  was  indeed  natural  that 
the  first  observers  should  have  been  more  struck  with  analogies  than 
differences,  for  a  slight  and  superficial  examination  is  sufficient  to 
exhibit  the  former,  but  it  requires  more  labour  to  make  out  the  lat- 
ter; and  this  indeed  has  been  the  case  even  with  recent  species, 
ancient  authors  having  oflen  grouped  under  one  name  several  allied 
species,  which  have  been  since  separated.  With  regard  also  to  fossils 
at  one  time  identified,  we  find  that  afterwards  more  accurate  or  less 
hurried  observers  have  found  differences  where  they  had  not  before 
been  seen ;  and  hundreds  of  cases  might  be  quoted  in  which  species 
at  one  time  united  have  required  separation,  and  have  thus  served 
to  demonstrate  the  truth  of  a  law  which  they  before  seemed  to  con- 
travene. 

<<  From  future  investigations,  we  shall  one  day  learn  how  far  this 
law  extends ;  but  most  palaeontologists  have  already  admitted  it  with 
reference  to  the  four  great  geological  periods,  and  even  for  the 
principal  formations  into  which  these  have  been  subdivided*.  Thus 
it  will  hardly  now  be  denied,  that  in  the  secondary  period,  the 
fossils  of  the  triassic,  Jurassic  and  cretaceous  formations  are  com- 
pletely distinct,  but  it  is  probable  that  we  may  go  still  further, 
and  that  the  groups  of  strata  of  which  these  larger  divisions  are 
made  up  also  possess  peculiar  faunas.  The  best  recent  investiga- 
tions seem,  for  instance,  to  show,  that  in  the  cretaceous  series  none 

*  These  are,  according  to  our  authofi — 

4.  Diluvial  period. 

3.  Tertiary  period  (upper,  middle  and  lower). 

2.  Secondary  period  (cretaceous,  Jurassic,  triassic  and  Permian). 

1.  Primary  period  (Carboniferous,  Devonian  and  Silurian). 
[It  may  not  be  amiss  here  to  refer  to  the  recent  investigations  of  Dr.  Philippi, 
on  the  Tertiaries  of  South  Italy,  translated  in  the  present  number  of  this  Journal 
(Part  ii.  p.  1) ;  to  the  discovery  by  Professor  Owen  of  the  remains  of  existing  spe- 
cies of  Mammalia  in  the  middle  tertiary  deposits  (see  his  work,  now  in  course  of 
publication,  on  the  British  Fossil  Mammalia  and  Birds) ;  to  the  identification  by 
M.  Deshayes  of  at  least  two  species  of  shells  common  to  the  tertiaries  and  tlie  chalk 
(BuL  de  la  Soc.  G^l.  de  Fr.,  2Dd  Ser.,  vol.  for  1844,  June  17) ;  to  the  probable 
identity  of  the  Ichthyosaurus  found  in  the  lower  chalk  with  a  common  species 
(/.  communis)  in  the  lias  (Owen,  Rep.  of  Brit.  Assoc.,  11  th  Meeting,  p.  193) ;  and 
to  the  statement  by  M.  de  Vemeuil,  that  of  the  Russian  Palaeozoic  fossils,  as  many 
as  eighteen  species  are  common  to  the  Permian  and  older  formations ;  or,  in  other 
words,  to  the  secondary  and  primary  periods  of  M.  Pictet  (Gcol.  Joum.  vol.  i. 
p.  87).— Ed.] 
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of  those  species  found  in  the  neocomian  (lower  greeosand),  albas 
(gault  and  upper  grcensand)  and  chalk  groups  are  common  to  either 
of  the  others.  ^I.  d'Orbigny  goes  yet  further,  and  states  that  k 
has  not  found  any  species  common  to  the  turonian  and  jenoJiua 
portions  of  the  chalk'*',  or  to  the  neocomian  and  apdan  difisioQi 
(the  lower  greensands  and  gault)  of  the  neocomian  group.  Thoe 
results  arrived  at  by  M.  d*Orbiguy  inspire  great  confidence;  and  it  b 
left  to  future  investigators  first  to  demonstrate  where  the  univenalitj 
of  these  differences  stops,  and  then  to  modify  from  these  coosideia- 
tions  the  classification  of  the  strata. 

*'  I  must  not  quit  the  discussion  of  so  important  a  law  without  ooe 
more  observation.  I  have  said  that  the  demonstration  of  the  Ut 
must  be  effected  by  a  knowledge  Of  facts  ;  but  there  occur,  thougb 
rarely,  cases  in  which  these  facts  may  be  interpreted  differently,  «- 
cording  as  the  preconceived  opinion  of  the  palaeontologist  who  (fc- 
scribes  them  is  favourable  or  otherwise  to  the  truth  of  the  law. 
Such  cases  may  seem  to  serve  for  arguments  on  both  sides;  audi 
simple  reference  to  scMue  well-marked  genus  M-iU  exemplify  the 
meaning  and  truth  of  this.  If,  for  instance,  we  compare  the  skele- 
tons of  existing  species  of  hares,  we  can  scarcely,  with  regard  to 
some  of  them,  find  any  distinctive  characters.  If  then  a  fossil  hare 
is  discovered,  esi)ecially  if  we  only  obtain  a  few  fragments,  it  may 
happen  that  those  may  seem  identical  with  some  of  the  recent  spe- 
cies. The  palaeontologist  who  examines  these  remains  may  therefore 
either  declare  that  the  species  is  identical  with  those  now  living,  or 
that  it  is  an  extinct  species,  of  which  the  distinctive  characters  pro- 
bably existed  in  the  soft  parts  and  were  not  sufficient  to  be  indicated 
in  the  skeleton.  The  rarity  of  such  instances,  and  their  small  in>- 
portance  for  the  determination  of  strata,  prevent  any  real  confusion 
from  being  introduced  by  this  cause." — Vol.  i.  pp.  58-66. 

Law  2.  ^^  The  differences  which  exist  behceen  extinct  and  eristtng 
groups  of  SjKcies  are  greater  in  proportion  \cu  the  faunae  are  more 
ancient ;  or,  in  other  words,  the  more  ancient  the  formaiion^  tht 
more  widely  do  its  fossil  contefits  depart  from  the  existing  typer— 
P.  67. 

The  author  states  that  this  law  is  distinctly  exemplified  whenever 
we  compare  the  fossils  of  different  periods ;  and  people  are  not  ua- 
frequently  inclined  to  designate  new  forms  as  strange  and  anomalous 
when  they  differ  widely  from  those  with  which  we  are  familiar. 

It  appears,  if  we  attempt  to  express  the  amount  of  this  difPerence, 
that  in  the  most  recent  beds  the  species  are  generally  referable  to 
existing  genera;  that  descending  to  those  at  somewhat  greater 
depths  we  must  group  them  into  new  genera;  and  that  in  the  older 
fonnations  additional  orders  and  families  require  to  be  introdaoed. 

'  ♦  [These  two  names  liavc  been  assumed  by  some  French  geologists  to  desigiiile 
the  lower  and  upper  portions  of  the  chalk  ;  the  former  including  a  portion  of  the 
upper  greensand,  the  craie  tvfau,  the  glnnamie  crayeute,  and  the  crmie  ckhrit4e; 
and  the  latter  the  chalk  with  flints.— -Ed.] 
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This  law  is  true  for  all  classes  of  animals,  but  is  differently  exhi- 
bited in  each,  the  groups  first  introduced  having,  it  would  seem,  un- 
dergone the  smallest  amount  of  change  and  the  converse.  Thus,  if 
we  compare  the  mollusca  and  mammalia,  we  shall  find  that  the 
former,  which  existed  at  the  earliest  period,  have  hardly  changed 
their  form  since  the  close  of  the  cretaceous  epoch,  and  that  the  shells 
of  the  tertiary  period  are  generically  the  same  as  those  now  exist- 
ing; while  the  mammalia,  though  only  recently  introduced,  have 
been  subject  to  many  changes,  and  have  required  the  introduction 
of  new  and  important  groups. 

But  this  law,  though  sound  as  a  general  expression  of  results, 
must  not  be  applied  too  minutely.  The  nautilus  and  the  terebratula, 
the  companions  of  the  most  ancient  form  of  ccphalopodous  and 
brachiopodous  mollusca,  are  still  represented  by  existing  species ; 
and  associated  with  the  pachyderms  of  the  earliest  tertiary  period 
we  find  bats  and  small  carnivora,  which  can  hardly  be  distinguished 
from  animals  of  the  same  kind  now  living.* 

Law  3.  "  The  comparison  of  the  faunas  of  different  epochs  shows 
that  the  temperature  of  the  earth's  surface  has  undergone  change** 
—Page  69. 

This  appears  from  the  discovery  of  the  remains  of  animals  in  parts 
of  the  world  where  the  nearest  allied  species  could  not  now  exist ; 
and  it  has  also  been  supposed  that  the  extinct  faunas  of  northern 
Europe  indicate  a  climate  nearly  tropical.  It  is  probable  however 
that  this  law  has  been  the  result  of  a  generalization  somewhat  too 
hasty,  the  most  that  we  can  safely  assert  at  present  being,  that  there 
have  existed  different  climates  at  the  same  spot  at  different  geologi- 
cal epochs,  and  that  the  changes  in  the  cases  we  are  best  acquainted 
with  were  sometimes,  and  most  frequently,  from  a  higher  tempera- 
ture to  a  lower,  but  sometimes  also  from  a  lower  to  a  higher. 

Law  4.  '^  That  the  species  belonging  to  the  more  ancient  periods  had 
a  voider  geographical  distribution  than  the  species  now  living," — 
Page  73. 

This  is  a  law  rather  indicated  than  demonstrated,  and  it  is  clear 
can  only  be  definitively  admitted  when  the  numerous  localities 
still  unexamined  have  given  evidence  on  the  subject  There  appear 
to  have  been  certain  species  now  extinct  which  were  formerly  com- 
mon to  Europe  and  America ;  while  others,  and  those  too  of  no 
ancient  date,  were  spread  over  Europe  and  northern  Asia  as  far  as 
the  frigid  zone.  This  would  seem  to  show  that  the  temperature  of 
the  earth  was  formerly  more  uniform  than  it  is  now ;  and  it  may 
perhaps  also  appear  that  the  sea  was  more  shallow  than  at  present, 
and  admitted  a  wider  extension  of  the  marine  mollusca. 

*  [With  regard  to  the  evidence  for  this  and  the  two  succeeding  laws,  the  sub- 
stance of  the  author's  opinion  has  heeu  given  without  actual  quotation. — Ed.] 
VOL.  II.— PART  II.  B 
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*'  The  preceding  laws  may  be  considered  as  established  oo  i 
thing  like  a  solid  basis :  that  which  follows  can  howeTer  ooly  be 
admitted  with  great  restrictions." 

Law  5.  "  The  faunas  of  the  most  ancient  formaiicns  ctre  made  tftf 
the  less  perfectly  organized  animals^  and  the  degree  of  peffsdim 
increases  as  tee  approach  the  more  recent  epochs  J* 

"  This  is  a  law  which  has  long  been  considered  as  demoDstratetl 
and  it  has  served  as  a  point  of  departure  for  ouuiy  theoreticil 
views.  A  more  strict  and  rigorous  analysis  has  however  of  late  yens 
considerably  »haken  it,  and  we  are  now  in  a  condition  to  affirm' that 
it  has  at  least  been  greatly  exaggerated.  Its  importance  both  ii 
itself  niid  with  reference  to  the  consequences  deduced  from  it,  re- 
quires that  it  should  be  discussed  at  some  length.'* — I^age  75. 

llie  author,  after  sonic  further  remarks,  proceeds  to  state  that 
those  who  attribute  the  present  state  of  organization  at  the  surface  of 
the  globe  to  a  gradual  perfecting  of  the  lower  forms  of  orgaDiiatioi 
during  the  lapse  of  a  series  of  ages,  who  believe  in  spontaneous  ge- 
neration, and  who  admit  the  possibility  that  species  may  pass  fhn 
one  form  to  another  by  tlie  varying  influence  of  external  agents  and 
a  ciiange  in  the  media  in  which  they  live,  readily  embrace  a  view 
which  8eeuis  to  recall  in  the  actual  monuments  of  past  ages  the 
different  phases  of  this  or^^anic  development. 

'*  It  is  then  not  to  be  wondered  at,  if,  under  the  influence  of  this 
accordance,  the  idea  of  the  gradual  advance  of  animal  orgauiiatios 
towards  perfection  has  struck  deep  root,  and  that  in  the  infancy  of 
palaeontology  men  have  hastened  to  group  around  it  the  facts  with 
which  they  became  ac(]uainted.  But  now,  when  accurate  obserrt- 
tions  are  more  nmltipfied,  if  we  endeavour  calmly  and  coosdeo- 
tiously  to  discuss  these  theories  without  allowing  ourselves  to  be 
dazzled  by  their  brilliancy,  we  shall  find  ourselves  obliged  to  strip 
them  of  almost  all  their  value  as  generalizations  and  reduce  them  to 
very  scanty  proportions.  It  will  soon  appear  that  the  law  as  ex- 
pressed above  can  only  give  a  false  and  incomplete  idea  of  the  fads 
which  it  distorts  or  exaggerates. 

'*  To  demonstrate  this,  we  nmst  first  of  all  obtain  accurate  ootioiM 
concerning  those  circumstances  and  conditions  which  induce  us  to 
consider  one  kind  of  organization  as  superior  to  another ;  we  muit 
also  satisfy  ourselves  as  to  the  way  in  which  animals  now  living  pr^ 
sent  themselves  under  this  point  of  view. 

'*  The  idea  of  the  gradual  advance  of  organized  beings  towards  pe^ 
fection  is  connected  more  or  less  with  the  theory  of  a  scale  ^bemgs; 
that  is,  with  the  opinion  that  all  animals  together  form  a  seriei,  of 
which  man  is  the  crowning  point,  and  that  in  this  series  each  speda 
is  less  perfect  than  that  which  precedes  it,  and  more  perfect  thta 
that  which  succeeds  it,  thus  forming  as  it  were  a  link  of  an  m- 
broken  chain.  This  idea  of  a  scale  of  beings  is  based  on  the  cfi- 
dent  fact  that  there  are  different  degrees  of  perfection  (or  compli- 
cation of  organization)  in  the  animal  kingdom ;  it  is  contcqacndT 
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true  in  a  very  vague  sense,  but  I  believe  totally  inadmissible  if  we 
give  it  a  distinct  meaning,  and  assume  that  all  created  beings  are 
connected  by  any  single  or  continued  series.  It  is  indeed  impossible 
to  place  all  existing  animals  in  such  an  order  that  we  can  success- 
ivelv  pass  from  one  species  to  another,  each  gradually  decreasing  in 
perfection  ;  but  as  we  cannot  here  enter  fully  into  the  consideration 
of  this  theory,  which  is  one  familiar  to  all  zoologists,  1  will  content 
myself  with  quoting  two  groups  of  numerous  facts  which  are  op- 
posed to  it.  On  the  one  hand  there  are  classes  of  animals  so  com- 
pletely detached,  that  they  have  nothing  to  connect  them  with  the 
rest,  thus  creating  in  this  imaginary  series  very  important  breaks  of 
continuity ;  and  on  the  other  hand,  there  are  types  of  organization 
which  are  absolutely  indivisible,  and  such,  that  while  their  more  per- 
fect forms  are  superior  to  those  of  another  class,  the  less  perfect  are 
inferior,  as  is  the  case  with  regard  to  the  MoUusca  and  Articulata, 
the  former  being  superior  to  the  latter  in  the  CephcJopoda  but  in- 
ferior in  the  Acephala,  so  that  we  cannot  arrange  the  moilusca  and 
articulata  in  any  continuous  series.  It  is  also  the  case  that  these 
types  have  different  kinds  of  perfection  according  as  the  conditions 
of  a  certain  kind  of  organization  are  realized,  so  that  it  is  extremely 
difficult  to  bring  them  into  comparison.  The  highest  molluscous, 
articulated,  or  radiated  animal  is  each  characterized  by  a  different 
sort  of  perfection,  which  precludes  us  from  deciding  on  its  relative 
superiority  to  the  others. 

"  We  do  not  therefore  admit  the  scale  of  beings  as  the  starting-point 
in  the  discussion  of  this  law,  and  it  appears  to  us  that  the  true  idea 
of  the  relative  perfection  of  the  organization  of  different  animals  is 
the  following : — These  beings  are  divided  into  a  certain  number  of 
groups,  each  of  which  exhibits  a  peculiar  type ;  but  while  some  of 
the  groups  are  manifestly  superior  to  others  when  we  consider  their 
organization  generally,  it  happens  also  that  the  result  of  a  compa* 
rison  sometimes  fails  to  establish  any  real  superiority.  The  most 
perfect  type  is  that  of  the  VertebrcUa,  which  must  evidently  be  placed 
far  at  the  head  of  all  the  inferior  groups.  It  is  itself  divided  into 
four  other  types  exhibiting  very  unequal  degrees  of  perfection  of 
organization.  The  mammalia  are  more  perfect  than  the  birds,  and 
the  birds  than  the  reptiles,  while  the  iishes  are  in  this  view  the  most 
imperfect.  But  in  the  invertebrata  the  distribution  is  by  no  means 
the  same,  and  the  principal  classes,  the  Moilusca^  the  Articulata  and 
the  Radiatttt  are  superior  or  inferior  to  one  another  according  to  the 
point  of  view  under  which  we  reganl  them  and  the  species  which 
we  compare,  so  that  we  are  no  longer  able  with  them,  as  with  the 
vertebrata,  to  arrange  them  in  a  series,  where  the  most  imperfect  of 
the  first  group  is  superior  to  the  most  perfect  of  the  second.  Each 
type  again  of  the  invertebrata  subdivides  itself  unequally,  although 
these  subdivisions  might,  more  properly  than  the  principal  groups 
be  arranged  in  continuous  series. 

^  If  now,  in  comparing  different  creations,  we  apply  these  viewsi 
less  simple  it  may  seem  and  perhaps  more  vague,  but  probably  also 
more  correct  than  the  others,  we  shall  find,  in  the  first  place,  that  the 
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faunas  of  the  more  ancient  formations  are  far  less  imperfect  tka 
has  been  often  supposed.  The  vertebrate  type  is  already  reprcseDted 
in  them  by  the  fishes,  and  the  different  classes  of  the  inyertebna 
are  by  no  means  reduced  to  their  less  complex  forms  of  organizatioo, 
since,  among  the  mollusca  for  example,  we  find  numerous  eximpfes 
of  gasteropoda  and  cephalopoda,  the  most  perfect  orders  of  tk 
class.  It  cannot  be  said  therefore  with  regard  to  the  invertebnti, 
that  the  faunas  of  the  more  ancient  formations  exhibited  organixi- 
tion  inferior  to  that  presented  in  newer  deposits;  and  the  most  tbt 
can  be  asserted  is,  that  among  the  vertebrata  the  most  highly  or- 
ganized animals  of  the  oldest  ])eriod  seem  to  have  been  fishes.  If 
then  we  would  deduce  the  true  character  of  most  ancient  faunas,  we 
shall  find  that  they  bear  comparison  with  the  groups  of  existing  aoi- 
mals,  excluding  reptiles,  birds  and  mammalia,  and  that  all  tbe 
types,  including  those  of  fishes,  were  then  represented  by  animak  is 
perfect  as  those  of  the  present  day. 

*'  The  intermediate  faunas,  such  as  that  of  the  Oolitic  period,  dif- 
fered from  those  of  the  earlier  and  later  periods  by  analogous  cba- 
racters.  The  fishes,  the  mollusca,  the  articulata  and  the  radiata, 
compared  with  the  preceding  and  succeeding  forms,  exhibit  similar 
organization  neither  more  nor  less  perfect.  But  these  intermediate 
faunas  differed  from  the  earlier  ones  yet  further,  since  the  vertebrata 
in  them  included  reptiles  and  didelphine  mammals,  while  they  dif- 
fered from  the  more  modern  ones  by  the  absence  of  the  monodel- 
phous  mammals. 

*'  We  shall  find  then  that  neither  the  radiata,  nor  the  articulata,  nor 
the  mollusca,  nor  the  fishes,  were  imperfectly  developed  in  aDcient 
times,  and  that  ever  since  their  first  appearance  the  species  bebng- 
ing  to  these  classes  of  animals  have  possessed  the  same  d^ree  of 
perfection  as  those  that  live  now.  It  is  therefore  a  mistake  to  snp* 
pose  that  the  early  faunas  generally  were  composed  of  animals  less 
perfect  than  the  recent  ones,  although  indeed  we  find  that  the  hlgb- 
est  point  to  which  organization  reached  has  risen  during  successive 
geological  periods;  so  that  while  fishes  at  first  formed  the  superior 
limit  of  organization,  they  were  afterwards  surpassed  by  the  reptiles, 
and  these  also,  afler  an  interval,  by  the  mammals. 

'*  To  such  greatly  narrowed  limits  therefore,  the  law  we  are  dis- 
cussing must  now  be  reduced.  It  is  not  true  when  applied  to  or- 
ganization generally,  but  it  expresses  a  fact  when  so  limited  as  to 
mean  only  'the  appearance  of  the  higher  forms  of  organ  izatioa'; 
and  thus  limited,  it  will  even,  according  to  the  present  state  of  our 
knowledge,  hardly  serve  to  establish  the  notion  of  a  marked  supe- 
riority in  the  existing  faunas.  With  reference  to  this  point  however 
1  will  conclude  with  two  observations. 

**  The  first  is,  that  we  ought  not  to  be  too  hasty  in  assuming  the 
absence  of  certain  more  perfect  types  in  the  older  faunas  mei^y  be- 
cause we  have  not  yet  discovered  any  remains  of  them.  We  hardly 
know  anything  of  these  faunas,  except  with  regard  to  some  of  tlie 
inhabitants  of  the  sea,  and  it  is  well  known  that  in  the  prasent  odd- 
dition  of  the  globe,  those  animals  living  on  land  exhibit  the  higher 
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forms  of  structure.  Is  it  not  possible  that  in  these  first  ages  of  the 
world,  terrestrial  animals  also  existed  more  highly  organized  than 
their  marine  contemporaries,  although  their  remains  either  have  not 
been  preserved  or  are  still  to  be  discovered?  The  existence  of  dideU 
phine  mammals  in  the  oolites  has  been  made  out  by  the  discovery 
of  a  very  small  number  of  fragments;  and  the  remains  of  land  ani- 
mals generally  are  hardly  fossilized,  except  by  sudden  deluges  and 
inundations,  which  are  always  trifling  in  their  results  compared  with 
the  slow  but  unceasing  deposits  from  the  water  of  the  sea.  May 
we  not  yet  expect  new  discoveries  in  these  ancient  strata,  revealing 
to  us  the  existence  of  primaeval  animals  at  present  little  suspected  ? 

"  A  second  observation  I  would  offer  is,  that  when  we  endeavour 
to  compare  the  actual  state  of  the  globe  with  the  various  former 
creations^  we  shall  find  that  the  highest  degree  of  perfection  of  or- 
ganization will  not  always  furnish  conclusive  results  with  regard  to 
the  perfection  of  the  faunas. 

*'  Putting  out  of  the  question  the  presence  of  man,  should  we,  for 
instance,  assert  that  the  fauna  of  Asia  is  superior  to  that  of  Europe 
because  its  highest  point  is  the  orang-outang ;  and  should  we  place 
the  fauna  of  New  Holland  much  below  the  rest  because  its  mam- 
mals are  almost  all  didelphine  ?  Such  conclusions  would  however 
be  nearly  as  legitimate  as  some  of  those  which  have  been  established 
by  the  comparison  of  geological  faunas.'* — Vol.  i.  pp.  76-83. 

Having  thus  discussed  the  laws  which  have  been  supposed  to  re- 
gulate the  distribution  of  fossils,  the  author  proceeds  to  compare  the 
different  theories  most  in  vogue  by  which  it  is  endeavoured  to  ex- 
plain the  phsenomena  observed. 

"  Of  these  theories  there  are  only  two  which  require  to  be  con- 
sidered in  any  detail.  But  M.  Pictet  states  his  own  opinion  to  be 
that  neither  of  them  is  satisfactory,  and  that  he  looks  forward  to  a 
better  explanation  being  furnished  by  the  progressive  march  of 
palaeontology. 

"  The  succession  of  organic  beings  is  explained  by  some  theorists 
by  the  transformation  of  species,  assuming  that  the  animals  of  the 
ancient  formations  have  become  modified  by  the  influence  of  atmo- 
spheric and  climatal  changes,  &c.  which  the  globe  has  undergone, 
so  that  the  original  forms  have  insensibly  become  metamorphosed 
into  others,  of  which  the  different  strata  have  preserved  and  handed 
down  the  indications,  and  these  forms  have  at  length  by  successive 
changes  attained  their  present  condition. 

"  The  other  theory  supposes  a  complete  destruction  of  all  the  spe- 
cies by  each  catastrophe  which  has  terminated  an  epoch,  and  a  new 
creation  at  the  dawn  of  the  next  succeeding  epoch. 

"  The  theory  of  the  transformation  of  species  seems  to  me  totally 
inadmissible,  and  diametrically  opposed  to  everything  that  we  learn 
from  the  study  of  zoology  and  physiology.  This  theory  connects 
itself,  as  I  have  before  o^erved,  with  the  idea  of  a  scale  of  beings, 
and  that  of  the  gradual  advance  towards  perfection  in  the  succession 
of  geological  periods.    This  indeed  is  the  bond  of  union,  and  the 
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completion  and  the  explanation  of  such  an  idea,  giving  it  the  eoD- 
•istency  of  a  system.  The  naturalists  who  have  adopted  some  of 
these  views  are  naturally  led  to  accept  the  others,  and  the  same 
reasons  which  1  have  already  adduced,  and  which  lead  me  to  deny 
generally  and  absolutely  the  existence  of  a  scale  of  beings  and  the 
gradual  advance  to  perfection  of  successive  geologicsal  faunas,  also 
oblige  me  to  reject  the  notion  of  the  transmutation  of  species  m 
accounting  for  the  succession  of  organised  beings  on  the  surface  of 
the  globe. 

'*  In  conducting  this  argument,  it  is  necessary  to  point  out  hov 
little  reason  there  is  for  assuming  that  the  powers  of  nature  were  at 
an  earlier  period  of  the  earth*s  history  very  different  from  what  thej 
are  now.  The  same  general  laws  which  now  govern  the  world  have 
probably  been  in  action  ever  since  its  first  creation,  and  it  is  impos- 
sible to  admit  any  essential  difference  in  their  nature.  The  most 
that  we  are  at  liberty  to  do  is  to  conjecture  that  the  limits  of  actios 
of  each  may  have  been  somewhat  more  extended,  that  the  tempen- 
ture,  for  instance,  may  have  been  higher  and  the  aqueous  depositi 
more  abundant  and  rapid,  but  the  influence  of  these  agents  on  oi^ 
nization  must  have  been  analogous  to  that  which  under  similar  cir- 
cumstances would  be  exercised  at  present. 

'*  The  study  of  the  fossils  of  the  more  ancient  rocks  exhibits  simi- 
lar organization  to  that  of  existing  species,  and  there  is  nothing  fnun 
which  we  can  safely  conclude  that  the  temperature  was  very  dif- 
ferent or  that  the  constitution  of  the  atmosphere  varied.  To  admit 
therefore  any  modifications  in  organization  produced  by  external 
agency,  seems  to  me  the  needless  introduction  of  a  ground  of  un- 
certainty, and  the  phrases  so  often  made  use  of  with  reference  to 
the  youthful  vigour  and  the  more  energetic  forces  of  nature  at  an 
earlier  period  should,  I  think,  be  avoided,  as  representing  false,  exag- 
gerated, or  indefinite  views. 

*'  If  then,  assuming  a  sounder  basis,  we  endeavour  to  deduce  the 
unknown  from  the  known, — that  is,  to  apply  to  the  earlier  period 
of  the  earth's  history  what  we  have  learnt  with  regard  to  existing 
nature, — we  shall  arrive  at  the  following  conclusions. 

**  All  observations  and  researches  of  any  value  agree  in  proclaiming 
the  permanence  of  species  at  the  present  day.  The  thirty  centuries 
which  have  passed  away  since  the  Egyptians  embalmed  the  carcases 
of  men  and  animals,  have  not  in  any  way  influenced  the  character- 
istic peculiarities  of  the  races  which  inhabit  Egypt.  The  crocodiles, 
the  species  of  ibis  and  the  ichneumons  now  living  there,  are  identical 
in  specific  character  with  those  which  so  many  ages  ago  trod  the 
banks  of  the  Nile.  Between  the  living  animal  and  the  mummy  then 
are  not  only  no  differences  in  the  essential  organs,  but  ther^  are 
none  even  in  the  most  minute  details,  such  as  the  number  and  shape 
of  the  scales,  the  dimen^uons  of  the  bones,  &c.  And  this  perma- 
nency of  species  seems  ensured  to  us  by  nature  by  the  existence  of 
those  important  regulations  which  prevent  the  mixture  of  diaftiBCt 
races,  and  the  consequent  formation  of  intermediate  types*     AU 
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physiologists  are  aware,  that  if  two  species  are  not  very  closely 
allied,  they  will  not  breed  together  at  all ;  and  that  even  if  the  spe- 
cies are  very  near,  but  not  identical,  they  produce  hybrids  which  are 
incapable  of  continuing  their  race  and  becoming  the  progenitors  of 
a  modified  form  or  new  species.  Every  aberration  from  the  type  in 
the  way  of  crossing  species  is  thus  instantly  stopped. 

'*  True  it  is,  indeed,  that  the  changes  and  varieties  introduced  in 
domesticated  species  have  been  brought  forward  as  an  argument 
against  this  conclusion  ;  but  although  such  changes  unquestionably 
take  place  in  horses,  oxen,  sheep,  pigs  and  goats,  and  yet  more  re- 
markably perhaps  in  dogs,  where  the  form  of  the  cranium  becomes 
modified,  yet  these  very  facts  appear  to  me  to  furnish  a  conclusion 
totally  different  from  that  which  it  has  been  attempted  to  draw.  The 
individuals  the  most  widely  removed  from  the  primitive  type  never 
present  any  real  difference  of  form  in  the  important  organs.  The 
skeleton  always  exhibits  invariable  characters,  as  well  with  regard 
to  the  number  of  the  bones  and  their  apophyses  as  to  their  relations 
with  one  another,  while  the  organs  of  nutrition,  the  nervous  system, 
and  in  short  every  distinctive  peculiarity  of  organization  is  submitted 
to  the  same  law.  The  only  marked  difference  exists  either  in  the 
absolute  dimensions,  a  point  known  to  be  very  variable,  or  in  exter- 
nal peculiarities  yet  more  fugitive ;  and  with  the  exception  of  these 
modifications  in  the  form  of  the  cranium,  which  we  may  easily  sup- 
pose to  be  connected  with  differences  of  instinct  and  to  be  the  di- 
rect result  of  education,  it  cannot  be  said  that  any  one  of  the  do- 
mestic animals  in  its  most  extreme  varieties  loses  the  character  of 
the  species.  If  therefore  we  find  that  the  most  energetic  among 
external  agent*, — modifications  of  climate,  of  habit,  of  instinct  and 
of  food, — have  only  been  able  during  the  lapse  of  ages  to  produce 
some  trifling  change,  which  has  not  altered  the  type  of  the  species, 
are  we  not,  from  this  examination  of  the  domestic  animals,  justified 
in  believing  the  permanence  of  species  rather  than  their  transmu- 
tation? 

**  And  this  view  is  the  more  probable,  since  the  differences  between 
one  fauna  and  another  are  very  considerable ;  and  we  have  not  to 
treat  of  trifling  modifications  of  a  type,  but  rather  of  complete  trans- 
itions, often  into  very  remote  forms.  Some  naturalists  indeed  have 
not  shrunk  from  such  consequences,  and  have  asserted  that  the 
reptiles  of  the  secondary  period  owe  their  parentage  to  the  palaeo- 
zoic fishes,  and  were  themselves  the  progenitors  of  the  tertiary 
mammals.  Where  is  the  physiologist  who  will  admit  such  conclu- 
sions ?  and  yet  quite  as  much  must  be  granted  if  it  is  attempted  to 
deduce  all  the  geological  faunas  from  an  original  one  by  the  simple 
transformation  of  species,  and  by  means  of  a  passage  from  one  to 
another,  without  the  direct  intervention  of  a  creative  power  acting 
at  the  commencement  of  each  epoch. 

<<  And  if  for  the  production  of  such  results  it  is  assumed,  contrary 
to  what  we  have  supposed,  that  there  have  been  great  alterations  of 
temperature,  and  changes  in  the  constitution  of  the  atmosphere,  or 
that  nature  in  her  early  youth  was  more  vigorous,  the  laws  of  physi- 
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ology  are  not  less  violated.  Such  extreme  changes  io  the  exteml 
agents  might  well  have  destroyed  the  species,  and  they  very  probodilj 
would  have  done  so,  but  they  could  hardly  modify  them  in  anj  &• 
sential  point. 

^  It  seems  therefore  to  me  impossible  that  we  should  admit  as  u 
explanation  of  the  phsenomenon  of  successive  faunas  the  passage  o{ 
species  into  one  another.  The  limits  of  such  transitions  of  spedes, 
even  supposing  that  the  lapse  of  a  vast  period  of  time  may  have 
given  them  a  character  of  reality  much  greater  than  that  which  the 
study  of  existing  nature  leads  us  to  suppose,  are  still  infinitely  withio 
those  differences  which  distinguish  two  successive  faunas. 

^*  And  lastly,  one  can  least  of  all  account  by  this  theory  for  the 
appearance  of  new  types,  to  explain  the  introduction  of  which  we 
must  neco:?8arily,  in  the  present  state  of  science,  recur  to  the  idea  of 
distinct  creations  posterior  to  the  first. 

*'  The  theory  of  successive  creations  is  the  only  one  that  remains, 
and  although  it  is,  like  the  rest,  opposed  by  very  weighty  oljee- 
tions,  I  am  not  aware  of  any  good  argument  directly  impugniDg 
it,  and  I  believe  that  in  the  present  condition  of  our  knowledge  it 
is  the  only  theory  admissible,  although  I  am  bound  to  add  that  it 
is  by  no  means  completely  satisfactory,  since  it  does  not  seem  to 
me  to  account  sufficiently  for  all  the  facts,  and  perhaps  it  is  at  best 
only  provisionary.  It  explains  well  the  difierences  which  exist  be- 
tween successive  faunas,  but  there  are  also  resemblances  between 
these  faunas  for  which  it  ofiers  no  explanation. 

"  In  order  to  illustrate  the  unl^atisfactory  nature  of  this  theory,  we 
have  only  to  compare  two  succes<<ive  creations  of  the  same  epoch, 
as  for  instance  two  faunas  of  the  cretaceous  period.  In  such  a  com- 
parison, no  one  could  fail  to  be  struck  by  the  intimate  relation  that 
exists  among  them,  since  most  of  the  genera  would  be  found  the 
same,  while  a  large  number  of  the  species  are  so  nearly  allied  that 
they  might  easily  be  mistaken  for  one  another.  In  other  words,  two 
successive  faunas  often  have  the  same  physiognomical  aspect ;  and 
in  the  case  just  mentioned,  if  we  compare  the  turonian  with  the 
alhian  fossils  (those  of  the  upper  chalk  with  the  species  from  the 
uppermost  greensand),  we  shall  readily  find  close  resemblances.  Is 
it  probable  that  the  earlier  fauna  had  been  completely  annihilated* 
and  then,  by  a  new  and  independent  act  of  creation,  replaced  by 
another  fauna  altogether  new  and  yet  so  much  resembling  it? 
Surely  there  must  be  something  which  has  still  escaped  obseri'ation ; 
but  I  must  repeat,  that  the  somewhat  vague  objections  thus  sug* 
gested  are  in  no  way  to  be  compared  to  those  more  definite  ones 
which  militate  against  the  other  theories. 

*'  These  facts  also  influence  the  manner  in  which  we  regard  the 
existing  creation.  Do  all  animals  appear  exactly  as  they  issued  from 
the  hands  of  the  Creator,  or  have  only  a  certain  number  of  types 
been  introduced,  whence  the  others  were  derived  ?  It  seems  to  me 
difficult  to  admit  that  each  one  of  those  innumerable  species,  of  the 
accurate  determination  of  which  we  are  so  often  in  doubt,  was  in  all 
its  characters  of  detail  a  distinct  and  separate  act  of  creation. 
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''  To  these  questions,  however,  Palaeontology  is  able  to  answer  only 
in  a  very  insufficient  manner.  The  succession  of  organized  beings, 
the  origin  of  existing  species  and  their  geographical  distribution,  the 
formation  of  the  different  families  of  mankind, — all  these  are  but 
different  aspects  of  the  same  great  problem,  a  solution  of  which 
on  any  one  point  would  necessarily  throw  great  light  upon  the 
others. 

*<  1  believe  then  that  the  theory  of  successive  creations*,  which  is 
the  least  objectionable  of  all,  is  true  in  a  general  sense,  but  that 
other  causes  have  perhaps  combined  with  it  to  determine  the  actual 
state  of  existing  creation  and  of  earlier  faunas.  Possibly  those 
modifications  of  species,  which,  as  I  have  already  shown,  cannot  ex- 
plain the  introduction  of  new  types  and  the  appearance  of  very  di* 
stinct  species,  have  still  had  some  share  in  producing  a  number  of 
allied  species  from  a  common  type  ;  or  in  other  words,  perhaps  we 
must  in  this,  as  in  other  questions,  not  expect  a  too  exclusive  expla- 
nation, but  admit  the  intervention  of  various  causes. 

**  I  do  not,  however,  believe  that  our  science  is  at  present  in  a  con- 
dition to  give  a  satisfactory  solution  of  these  difficulties ;  and  though 
we  may  with  greater  or  less  distinctness  foresee  such  a  solution,  it 
cannot  yet  be  demonstrated.  A  strict  and  intelligent  study  of  nature 
is  required,  in  order  to  bring  together  the  various  materials.  We 
must  know  better  than  w6  do  now  each  one  of  the  successive  crea- 
tions, in  order  to  form  a  complete  idea  of  their  mutual  relations,  and 
of  their  differences  from  those  which  have  preceded  and  followed 
them.  This  b  the  most  important  problem  of  Palaeontology,  and  its 
solution  is  only  to  be  found  in  the  observation  of  facts,  for  they 
alone  are  permanent,  and  they  perhaps  will  outlive  all  the  theories 
discussed  at  the  present  day." — Pages  SS-B^* 

D.  T.  A. 

*  "  I  would  observe  here  that  this  theory  is  the  only  one  that  connects  itself 
logically  with  our  first  law,  namely  that  species  belonging  to  different  formations 
are  distinct ;  for  such  a  law  necessarily  results  if  the  present  theory  is  admitted, 
and  this  in  my  opinion  is  a  powerful  argument  in  its  favour.  Still  we  must  not 
be  in  too  great  a  hurry  to  limit  future  discoveries  in  Paleontology  by  our  precon- 
ceived notions,  but  rather  seek  for  truth  wherever  it  can  be  found.  Possibly  some 
intermediate  theory  might  also  agree  with  this  law." 
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III.  MISCELLANEA. 


I.  Annual  Meeting  cf  ike  French  Geological  Society 
/or  1846. 

It  has  been  decided  that  the  Annual  General  Meeting  of  the  Freodi 
Geological  Society  for  the  year  1846  shall  be  held  at  AvalloD,  ao 
interesting  locality  situated  on  the  limits  of  the  chalk  and  the  old 
rocks. 

Avallon  is  a  clean  and  well-built  town  situated  on  the  right  bank 
of  the  little  river  Cousin,  a  tributary  of  the  Yonne,  and  is  distant 
about  150  miles  from  Paris,  on  the  high  road  to  Chalons-sur-Sadne. 
It  is  built  on  a  sort  of  granite  promontory,  and  i«  surrounded  bj 
extremely  picturesque  scenery,  chiefly  produced  by  the  contrast  of 
rich  and  luxuriant  cultivation  with  the  almost  savage  beauties  of  the 
gorge  along  which  the  Cousin  runs.  These  natural  objects  of  in- 
terest arising  entirely  from  the  peculiar  geological  constitution  of 
the  district,  it  cannot  be  doubted  that  the  meeting  will  be  one  of 
considerable  interest.  The  meeting  is  fixed  for  the  14th  of  Sep- 
tember, and  the  President  of  the  Society  has  already  directed  the 
attention  of  the  members  to  the  fact  that  there  are  some  questions 
regarding  moraines  or  supposed  moraines  which  it  will  be  desirable 
to  clear  up. 


IL  FooT-PRiNTs  in  the  Connecticut  Sandstone. 

The  remarkable  locality  on  the  banks  of  the  Connecticut  river 
(U.S.),  which  has  furnished  more  numerous  and  more  singular  ex- 
amples of  the  footsteps  of  various  animals  than  any  other  spot  on 
record,  has  lately  yielded  to  Dr.  Deane's  investigations  some  mark- 
ings which  he  considers  must  have  been  made  by  a  progressive 
movement  of  the  nature  of  leaping,  the  creature  which  formed  them 
either  leaping  like  a  frog,  or,  more  probably,  like  a  kangaroo,  with- 
out the  fore-feet  touching  the  ground.  In  these  prints,  each  fool 
has  five  toes,  the  central  one  marked  with  four  articulations,  and 
each  adjacent  one  on  both  sides  of  it  diminishing  by  one  in  suc- 
cession. The  diameter  of  the  foot  is  2^  inches,  and  the  impressions, 
which  are  remarkably  perfect,  are  associated  with  several  species  of 
bird-tracks,  and  with  rain-drops  in  wonderful  preservation^ — SiiUr 
nian*9  Journal^  vol.  xlix.  p.  80. 


MI8CBLLANEA.  59 

III.  On  ike  Composition  ©^Chlorite. 

This  mineral,  described  by  M.  Friedler,  had  been  analysed  first  by 
M.  Erdmann  (Jouru.  f.  prakt.  Chem.  t  vi.  p.  89),  and  afterwards  by 
M.  Bonsdorff  (Voyage  of  G.  Rose  in  the  Ural,  vol.  i.  p.  252),  but 
with  results  so  different,  that  M.  Rammelsberg  suggested  that  these 
two  chemists  had  probably  analysed  different  minerals.  M.  Ge- 
rathewohl  has  lately  undertaken  the  analysis  of  a  specimen  named 
by  M.  Friedler  himself,  and  the  results  of  this  analysis  confirm  those 
obtained  by  M.  Erdmann. 

Gerathewohl.  Erdmann. 

SiUca 24-40  24-93 

Oxide  of  iron...     30-29  30-05 

Alumina 45-17  4502 


99-86  100-00 

These  results  correspond  with  the  formula  Si  O^  3  Fe  O  -h  Si  O, 
3Al«0«,  or  rather,  Al«0^  3FeO+2(SiCM,  Al«03)*-^attr»./ 
prakU  Chem.  1845.  No.  8. 


IV.  D*()rbiony's  *  Paleontologie  Universell^.' 

M.  Alcide  d'Orbiony,  For.  Mem.  Geol.  Soc,  &c.,  the  author  of 
the  *  Paleontologie  Fran^aise,*  has  undertaken  to  prepare  a  work 
under  the  above  title,  in  which  he  proposes  to  give  figures,  with  ac- 
companying descriptions,  of  every  species  of  fossil  shells  hitherto 
determined,  from  all  geological  formations  in  all  parts  of  the  world. 
It  is  calculated  that  the  figures  will  occupy  about  1500  plates,  which 
it  is  intended  shall  appear  in  seventy-five  numbers,  the  price  of  each 
number,  including  the  letter-press,  to  be  six  francs. 

The  work  will  be  published  by  Messrs.  Gide  and  Co.,  No.  5  Rue 
des  Petits-Augustins,  Paris. 

In  a  letter*  recently  received  from  M. d'Orbigny,  he  states,  "In 
order  to  arrive  at  satisfactory  results  in  ao  undertaking  so  vast,  I 
shall  need  the  assistance  of  all  persons  who  are  interested  in  the  ad- 
vance of  geology,  and  I  trust  to  your  procuring  for  me  in  England 
many  correspondents  willing  to  exchange  the  fossil  shells  of  various 
formations  for  such  portions  of  my  works  on  Palseontology  as  they 
may  most  require.  I  wish,  for  instance,  to  obtain,  1st.  fossils  of  the 
Crag  and  London  Clay,  and  2nd,  those  of  the  Cretaceous  formations 
of  the  Isle  of  Wight  and  Blackdown  ;  but,  above  all,  the  fossils  of 
your  Carboniferous,  Devonian  and  Silurian  beds.'* 

M.  d'Orbigny's  address  is  No.  6  Rue  St.  Hyacinthe  St.  Honor6, 
Paris. 

*  Addreiied  to  Mr.  Dsrwin, 
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IV.  GEOLOGICAL  BIBLIOGRAPHY 

FOR  THE  YEAR 
1844. 


The  following  list  of  Books  and  Maps  comprises,  it  is  belieyed,  a 
tolerably  complete  list  of  those  published  duriog  the  year  1844; 
but  the  difficulty  of  collecting  information  of  this  kind  b  so  con- 
siderable, that  many  errors  and  omissions  will  no  doubt  be  found  io 
it.  It  is  however  proposed  to  publish  in  the  last  (the  November) 
number  of  the  present  volume  of  the  Journal,  a  similar  list  for  the 
year  1845,  in  which  may  be  included  some  at  least  of  the  omissions 
in  the  one  now  given.  Information  that  can  render  more  complete 
these  lists — manifestly  so  useful  to  every  geologist — will  be  very 
thankfully  received  by  the  Editor. 

The  list  does  not  include  separate  memoirs  from  Transactions, 
except  when  they  are  published  and  sold  in  a  distinct  form. 

1.   WORKS  ON  DESCRIPTIVE  GEOLOGY, 
a.  Igneous  Rocks. 

Darwin,  Charles.  On  Volcanic  Islands,  with  notices  of  the  Geology 
of  Australia,  &c.  1  vol.  8vo,  pp.  I769  map  and  cuts.  London 
(Smith  and  Elder). 

h.  Stratified  Rocks. 
British  Islands. 

Garner,  Rob.    Natural  Historj'  (including  Geology)  of  the  County 

of  Stafford,  with  Illustrations.  1  vol.  8vo,  plates.  London  (Van 

Voorst). 
Nicol,  James.    Guide  to  the  Geology  of  Scotland,  with  Geological 

Map  and  Plates  of  Sections.   1  vol.  12mOy  pp.  272.   Editdnargk 

(Oliver  and  Boyd). 

France. 

Beaudouin,  Jules.  D^ription  G^ologique  de  TArrondiBsement  de 
Ch&tillon  (Cote  d*Or).  8vo,  I'*  partie,  pp.  121.  Chdmbm- 
sur- Seine. 
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Gueymard,  Emile.  Statistique  Min6ralogiqae,  G6o1ogique  et  M6- 
tallurgique  du  D6partement  de  Tls^re.  8vo,  pp.  998,  8  plates. 
Grenoble. 

Guibal,  — .  Notice  sur  la  G6ologie  du  D^partcment  de  la  Meurthe. 
Svo,  pp.  22.    Nancy y  1843. 

Germany. 

Hausmann,  Joh.  Fr.  L.  Geologischc  Bermcrkungen  uber  die  gegend 

von  Baden  bei  Rastadt     4to,  pp.  42.     GoUingen  (Dietrich). 
Klipstein.      Beitrage  zur   geologischeu  Kenntniss  der  oestlichen 

Alpen.    4to,  plates.     Giessen  (Heyer). 
Leonhard,  G.     Beitrage  zur  Geologic  der  gegend  um  Heidelberg. 

Svo,  pp.  56y  and  2  col*^.  lith.     Heidelberg  (Mohr). 
Reuss,  Aug.  E.    Die  Kreidegebilde  des  westlichen  Bohmens  &c. 

nebst  Bemerk.  uber  die  Braunkohlenlager  jenseits  der  Elbe  u. 

eine  Uebersicht  der  fossilen  Fischenreste  Bohmen.     8vo>  pp. 

312>  and  3  plates.    Prague  (Medau). 

Italy. 

Catullo,  T.  A.  Trattato  &c.  (Treatise  on  the  Geologico-physical 
Constitution  of  the  Alluvial  or  Post-diluvial  Formations  of  the 
Venetian  Provinces.)     8vo,  pp.  467.    Padua. 

■ Sulle  Caveme  &c.  (On  the  Caverns  of  the  Venetian 

Provinces.)    4to,  pp.  91,  and  9  plates.     Venice. 

Scortegagna,  F.  O.  (On  the  Fossil  Bones  of  the  Zoppega.)  See 
PaliBonJtology. 

Villa,  A.  and  F.  B.  Sulla  Constituzione  &c  (On  the  Geological 
Structure  of  the  Brianza,  and  especially  of  the  Cretaceous  For- 
mations.)    8vo,  pp.  46,  map  and  2  plates.    Milan. 

Switzerland. 

Agassiz,  L.  Geologische  Alpenreisen  (published  by  M.  E.  Desor 
under  the  superintendence  of  Prof.  Agassiz,  with  topographical 
description  by  Dr.  Voght)  Svo,  pp.  552,  and  3  plates. 
Frankfort.    (Literary  Institut.)  (also  a  French  edition.) 

Bergmann,  Jos.  Untersuchungen  &c  (Researches  on  the  Francs 
Valaisans  in  the  Canton  of  the  Grisons  and  the  Voralberg.) 
8vo,  pp.  108,  map.     Vienna. 

Scandinavia. 

Keilhau,  B.  M.  Gaea  Nonregica.  2nd  part,  folio,  pp.  149-340, 
2  plates.     ChrisHania. 

America. 

Jackson,  Chas.  T.  Final  Report  on  the  Geology  of  the  State  of 
New  Hampshire,  U.  S.  4to,  pp.  376,  10  plates  and  maps. 
Concordt  iV.  J7. 
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2.    WORKS  ON  PALitONTOLOGY. 

Agassiz,  L.  Monographie  des  Poissons  Fossiles  du  vieuz  gres  roage. 

Fol.,  with  plates.     Soleure  (Jent  et  GassmaDo}. 
Burmeister,  Hermann.     Die  Organisation  der  Trilobiten  aus  ihren 

lebenden  Verwandten  entwickelt;  nebst  eiuer  systemat  Uebers. 

aller  zeither  beschriebenen  Arten.     Large  4tOy  pp.  1(>0,  and 

6  plates.     Berlin  (Reimer). 
Geinitz,  Hans  Bruno.     Die  Versteinerung  von  Kieftlingswalder  nod 

Nachtrag  zur  Character istik  des  sacha.  bohm.  Kreidegebirges. 

4to,  pp.  28,  and  6  Liths.     Dresden  and  Leipzig  (Arnold). 
Germar,  Ernst  Fr.     Die  Versteinerungen  des  Stein kohlengebiiges 

von  Wettin  u.  Lobejiin  im  Saalkreite.    1st  Part.    Fol.,  pp.  16, 

and  5  plates.     HaUe  (Schwetschke). 
GoldfuM,  Prof.     Petrifacta  Germanica  &c.  ^completion).    2  vok 

Roy.  Fol.,  numerous  plates.     Diisseldor^  (^Am%  and  Co.). 
Koch,  Alb.     Beschreibung  der  Missurium  Theriatokaulodon  oder 

Missuri-Leviathan  ('Leviathan  Missurienais),  &c    Svo,  pp.  % 

and  1  plate.     Magaeburg  (Baensch). 
Konick,  L.  de.    Description  des  Animaux  Fossiles  qui  se  trouveot 

dans  le  terrain  houiller  et  dans  le  systdme  sup^rieur  du  ter- 
rain anthraxifere  de  la  Belgique.     2  vols.  4to,  plates.     Liege. 
Mantell,  Gid.  A.     The  Medals  of  Creation,  or  First  Lessons  in 

Geology.     2  vols.  l2mo,  6  plates.     Ixmdon, 
Meyer  (H.  V.)  und  T.  Pleininger.     Beitriige   zur   Palaeontolc^e 

Wurtembergs.     Fol.     Stuttgard  (Schweizerbart). 
Michelin,  Hardouin.     Description  des  Poly  piers  Fossiles  du  Bassin 

Parisieii  (groupe  supracretac^e).    4to,  pp.  31,  and  4  plates. 

Paris, 
Orbigny,  Alride  de.     Pal6ontologie  Fran^aise,  Ac.  (continuation). 

8vo.     Paris. 
Philippi,  A.     Beitrage  zur  Kenntniss  der  Tertiar- Versteinerungen 

des  nordwestlichen  Deutschlands.     4to.     Cassel  (Fischer). 
Riimer,  Carl.  Fred.     Das  Rheinische  Uebergangsgebirge.  Bine  pa- 

leeontologische-geognostiche  Darstellung.    4to.     Ucmiwer. 
Schimper,  W.  P.,  et  A.  Mougeot.  Monographie  des  Plantes  Fossiles 

du  grt^  bigarre  de  la  Cbaine  des  Vosges.     Avcc  40  planches 

imp.  en  couieur.     Imp.  4to  and  Roy.  fol.,  pp.  88.      Ldpag 

(Engelmann). 
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1.  Notice  of  the  FomU  of  the  Palaozoic  beds  of  the  province  fjf 
AsTURiAs,  in  the  North  o/*  Spain.  By  M.  E.  db  Vernxuil  and 
the  Count  d*Archiac. 

(From  the  <  Bulletin  de  la  Soc.  G^l.  de  France/  2me  Sen  tome  ii.  p.  448.) 

[The  subjoined  extract  formi  the  Appendix  to  a  memoir  read  before  the  French 
Geological  Society  on  the  19th  of  May,  1845,  entitled  **  Researches  concerning 
some  of  the  rocks  which  constitute  the  province  of  the  Astnrias/'  by  M.  Adrien 
Paillette.  M.  Paillette  describes  successively,  bat  briefly,  the  position  and  locaH* 
ties  of  the  principal  rocks,  some  of  which  he  found  to  resemble  very  closely  tlii 
beds  of  the  same  age  in  Brittany  and  Normandy.  These  rocks  include  SiltuiaOf 
both  lower  and  upper,  Devonian,  and  Carboniferous  strata,  the  latter  oontaininff 
imnortant  beds  of  workable  coal.  The  carboniferous  beds  are  greatly  disturbed 
and  dislocated,  and  the  author  proposes  to  continue  their  investigation  in  greater 
detail  before  publishing  any  general  conclusions.  ^Eo.] 

Our  knowledge  of  the  faunas  of  the  varioua  departmeDte  of  the 
PftlsBozoic  eeriet  of  formations  is  not  yet  sufficiently  complete,  or 
deduced  from  observations  of  a  sufficient  degree  of  genendity,  to 
enable  us  to  determine  the  age  of  any  one  of  them  by  the  preseooe 
of  a  single  species  of  fossil ;  but  this  is  not  the  case  when  we  have 
before  us  a  group  of  fossils  from  tlie  same  locality,  obtained  from 
beds  whose  mutual  relations  are  well  establisiied.  The  following 
list,  therefore,  of  the  organized  bodies  obtained  by  M.  Paillette  from 
the  deposits  which  he  has  so  well  studied  and  described,  will  enabW 
Qt  to  draw  certain  conclusions,  tolerably  definite,  as  to  the  period 
of  their  deposit,  by  comparing  them  with  what  we  already  know 
with  regard  to  other  parts  of  Europe. 

Fossih  of  the  Palaozoic  rocks  4^  the  Asturias. 

Ortksetrmtitn  JoveOani*  Tereirmtula  FfrrameHmM^ 

Cardium  (resembling  C.  alaeforme,  Sow.,  —  Exfuernu* 

and  identical  with  a  species  HipaiUea* 

from  the  limestone  of  Nehou,  Tbreno.* 

La  Manche).  reticularis,  SchloCtb.   (T.  prisci, 

Ttr^krmtuim  subecnetntriett,*  Dalm.) 

Pd^^fiutf  .*  OlmumL* 

Cmmpiiuminiu*  — —  Adriifd,* 
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Terebrtihda  DaleidensU,  Rom.  LepUena  Dateriii,  March. 

S^irifer  PeUieoJ*  SerpuU  omphalotes,  Goldf. 

Cabedemui*  Pcntremitct  Pailletti,  De  Vcim.* 

heterocUtiit,  Defir.  (sp.)*  SekuigiL* 

CaimUIku*  Aulopon  lerpttis,  Goldf. 

Verneuili,  Tar.,  Mnrcb.  Criserpia  MicheUni,  Milo.  Edw« 

Orthii  resupinaU,  Mart,  (ip.)  Favositet  polymorphs,  Goldf. 
orbicularis,  Sow.*  fibrosa. 


•  crenistria,  Phil,  (sp.) 


Tar.  ramosa. 


Leptaena  Murchisoni,  D^Arch.  et  De  V.*   Lithodendron  CKSpitoaiim,  Goldf. 

Note.— The  species  in  italics  are  new ;  and  those  to  which  an  aateriak  is  at- 
tached are  described  and  figured  by  the  authors  in  the  original  memoir  abore  n- 
ferred  to. 

The  relative  preponderance  of  Brachiopoda  is,  it  is  well  known, 
the  distinctive  character  of  the  Palaeozoic  faunas,  just  as  the  pre- 
ponderance of  Cephalopoda,  represented  by  Belemnites,  Ammonites 
and  other  of  the  siphoniferous  inultilocular  genera,  marks  the  se- 
condary period. 

Among  the  Brachiopoda,  of  which  two-thirds  of  the  whole  num- 
ber of  our  series  of  Asturian  fossils  consist,  those  most  remarkable 
by  their  peculiar  mode  of  development  are  the  Terebratulas  of  the 
group  called  Cancenirica,  characterized  by  concentric  striae  more  or 
less  Lamellar,  by  the  uniform  absence  of  delticUumy  and  by  a  round 
aperture  at  the  beak  of  the  ventral  valve.  The  T,  concetUnea^  V. 
Buch,  the  type  of  the  group,  and  a  species  found  in  the  Devonian 
beds  of  northern  and  western  France,  of  England,  Belgium,  the 
Eifel  and  Russia,  does  not  however  appear  among  these  specimens 
from  Spain,  although  six  species,  one  of  which  we  have  named  T. 
iubconcentrica^  from  its  very  close  resemblance  to  this  typical  form, 
— a  resemblance  so  near  that  it  might  almost  be  considered  as  a  va- 
riety,— form  a  link  connecting  it  by  common  characters,  although 
gradually  diverging  from  it  more  and  more  widely  by  succeaaive 
modifications. 

The  presence  of  a  medial  furrow  is  the  peculiar  character  which 
connects  these  very  difierent  forms.  This  furrow,  hardly  appre- 
ciable in  T,  subconcentricaj  which  is  distinguished  from  the  type  of 
the  group  by  its  generally  rounded,  subelliptical  and  transyene 
form,  its  large  dimensions  and  the  disposition  of  its  striae,  is  seen  to 
be  combined  in  the  next  species  (  T,  Pelapayensis)  with  a  aubpen- 
tagonal  and  more  elongated  form,  smaller  dimensions,  and  a  leas  open 
angle  at  the  apex.  Still  more  decidedly  indicated  in  71  Caumpoma* 
neiiiy  the  medial  furrow  b  there  accompanied  by  folds  and  lateral 
furrows,  and  the  front  of  the  ventral  valve  is  little  different  from 
that  of  the  dorsal  one.  The  large  and  lamellar  striae  of  this  species, 
present  at  all  stages  of  growth,  clearly  distinguish  it  also  from  T. 
JFerronesenmSy  where  indeed  the  development  of  four  pUcatioos  on 
each  valve,  separated  by  broad  and  deep  furrows,  the  striae  becoming 
still  finer  and  closer  together,  would  fully  justify  the  separation. 

Up  to  tbia  point  the  forms  had  oscillated,  if  we  maj  use  the  ex- 
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predion,  between  pentagODS  more  or  less  rounded  and  ellipses  more 
or  less  elongated ;  but  at  length  departing  from  this  character,  s^e 
find  the  transverse  direction  predominate  in  T,  Ezquerra^  by*  the 
extreme  elongation  of  the  two  lateral  folds  which  we  hav«  traced 
from  their  first  origin  in  T,  Campamanesii  throngh  their  farther 
development  in  T.  Ferronesensis.  At  the  same  time^  the  angle  at 
the  apex  becomes  more  open,  the  ventral  furrow  is  as  deep  as  the 
dorsal  one,  the  general  contour  of  the  shell  becomes  heptagonal,  and 
its  surface  becomes  divided  into  five  parts,  which  are  hollow  and 
unequal,  but  disposed  symmetricallv  on  each  side  of  the  axis,  and 
corresponding  on  the  two  valves.  The  T.  Hitpamoa  is  simply  the 
result  of  a  still  greater  extension,  and  of  an  elevation  of  the  lateral 
folds,  which  in  it  become  confounded  with  the  hinge,  which  is 
straight  and  very  long,  as  in  the  winged  Spirifers.  The  angle  at  the 
apex  is  nearly  equal  to  two  right  angles,  and  the  medial  nirrow  is 
always  as  deep  as  the  sinus.  Lastly,  the  variety  (a)  of  T,  Hispa- 
fUca  presents  the  concluding  term  of  this  series  of  transformations, 
which,  commencing  with  a  suborbicular  shell,  has  conducted  us  gra- 
dually to  a  form  very  nearly  resembling  that  of  a  Solen. 

We  have  paid  every  attention  in  determining  these  species ;  and 
the  examination  of  a  considerable  number  of  individuals  of  each  of 
them,  in  various  stages  of  growth,  induces  us  to  think  that  the  di- 
stinctions we  have  established  are  well  founded,  and  that  they  will 
be  confirmed  by  future  investigations.  Among  the  species,  T,  Pe- 
lapayenm  occurs  both  in  the  Ural  and  Eifel  Devonian  beds,  and 
71  JSzquerra  in  the  limestones  of  Nehou  (Manche). 

If  we  inquire  concerning  the  localities  already  known  of  the  other 
fossils  in  the  preceding  list,  we  find  that  71  Adrietd  occurs  io  the 
Eifel  limestone,  T,  reHctdaris  is  common  to  the  Silurian  and  Devo- 
nian rocks  of  the  north  and  east  of  Europe,  and  7*.  Dalddensis  ap- 
pears in  the  grauwacke  of  the  banks  of  the  Rhine.  Among  the 
Spirifers,  one  variety  of  S,  heterocUtus  and  a  variety  also  of  S.  Ver^ 
nemii  are  confined  to  Devonian  beds ;  and  the  three  other  species, 
whkh  are  as  yet  peculiar  to  the  Asturias,  recall  to  mind  by  their 
transverse  form  and  simple  plications  the  characteristics  of  the  genus, 
especially  as  developed  during  the  Devonian  period.  All  the  three 
species  of  Orthis  are  known  :  O.  crenistria  is  a  Devonian  form,  O. 
resvpmata  both  Devonian  and  Carboniferous,  and  O.  orbicularis 
Silurian ;  but  with  regard  to  the  latter,  there  is  some  doubt  still  as 
to  its  identity.  Of  two  species  ot  Leptitnay  one,  Z.  Dutertrii^  is 
common  in  the'Devonian  beds  of  the  Bas  Boulonnais ;  and  the  other, 
a  variety  of  X.  Murchisoniy  the  type  of  which  occurs  in  the  grau- 
wacke of  Siegen,  is  somewhat  widely  spread  in  the  ancient  lime- 
stones of  Brittany  and  Normandy. 

Among  the  Polyparia  of  Ferrones,  three  are  species  common  to 
Silurian  and  Devonian  rocks,  and  two  are  exclusively  Devonian. 
Serpula  omphahtes  is  one  of  the  most  characteristic  of  the  Devo- 
nian fosftils  both  In  Western  Europe  and  in  various  parts  of  Russia ; 
and,  lastly,  the  presence  of  two  species  of  PeniremiUs,  a  genus 
hitherto  unknown  in  the  Silurian  system,  furnishes  a  still  further 
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argument  for  referring  these  beds  of  Ferroncs  and   Frlapaya  to  the 
Devonian  period. 

On  the  whole,  therefore,  we  find  that  of  thirty-one  species  ob- 
tained from  these  localities,  three,  namely  Terebnxiuia  JOialeidetuit, 
Orthis  orbicularis^  and  LepUena  Murchisoniy  are  Crue  Silurian,  four 
are  Silurian  and  Devonian,  one  (  Orthis  resupinata)  is  Devonian  aod 
Carboniferous,  eight  are  exclusively  Devonian,  and  fifteen  are  new. 
Of  these  latter,  however,  three  have  been  found  id  the  Devonian 
rocks  of  other  countries,  so  that  as  many  as  eleven,  or  about  ooe- 
third  of  the  whole  number  of  species  known,  are  exclusively  Devo- 
nian. 

Besides  the  fossils  of  Ferrones,  Pelapaya  and  the  neighbourhood, 
M.  Paillette  has  also  sent  some  specimens  from  Aroaos,  where  the 
beds  of  true  coal,  which  he  has  described  in  his  memoir,  appear  to 
be  covered  up  by  limestones  similar  to  those  of  Ferrones.  Among 
the  species  thus  obtained,  the  specimens  of  which  are  generally  less 
perfectly  preserved  than  those  previously  described,  we  have  Ten- 
hratula reticularis (prisca), T.  Ezguerra, T.priniipilaris(^V on  Buch), 
Orthis  resupinata,  O.  striatula,  O.  arachnaidea^,  and  the  Spirifer 
Pellicoy  so  characteristic  of  the  Ferrones  limestones.  It  is  impossible 
to  doubt  that  these  beds  of  Amaos  are  of  the  same  age  as  the 
others*. 

As  to  the  fossils  of  Cabrales,  for  which  we  are  also  indebted  to 
M.  Paillette,  they  are  quite  distinct  from  the  preceding,  and  cer- 
tainly announce  the  presence  of  the  true  carboniferous  series  at  this 
point  They  consist  of  Prodtictus  semireticulaiuSf  Mart.  (emiiqwUui, 
Sow.),  and  P.tefiuistriatus,  De  Vern.,  Spirifer  attenuatus  or  striaius, 
and  S,  Mosquensis. 

D.  T.  A. 

*  We  think  it  right  to  call  attention  to  thii  fact,  since  it  is  the  first  time  that 
fossils  unquestionably  Devonian  have  been  found  regularly  superpoaed  on  beds  of 
workable  coal.  All  the  great  coal  and  anthracite  deposits  of  England,  America 
and  Russia  are  well  known  to  be  superior  in  geological  position  to  the  Devonian 
system. 
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1.  On  Icebergs  in  the  Southern  Hemisphere,  and  the  Boul- 
ders and  Erratic  Blocks  conveytd  by  them, 

[In  the  Narrative  of  the  United  States  Exploring  Expedition  during  the  yeart 
1838  to  1842,  by  Charles  Wilkes,  U.S.N.,  Commander  of  the  Expedition* 
there  appear  some  remarks  of  great  interest  to  geologists  with  respect  to  the  ice- 
bergs in  the  southern  hemisphere.  To  the  Tolumes  themselyes  the  Editor  is  not 
at  present  able  to  refer,  and  he  is  indebted  for  the  following  particulars  to  an  ex- 
tract given  in  '  Silliman's  Journal '  for  July  last,  where  the  reference  to  pages  is 
not  given. — Ed.] 

The  ice-islacds  form  rapidly  in  successive  horizontal  layers  from 
accumulations  of  snow  assisted  by  the  fogs.  These  layers  are  from 
six  inches  to  four  feet  in  thickness ;  and  the  icebergs  were  seen  in 
all  stages  of  formation,  varying  from  180  to  210  feet  in  height,  at- 
tached to  the  land,  and  forming  a  straight  and  perpendicular  wall 
in  advance  of  the  land,  for  a  distance  of  fifty  miles  and  more  to- 
gether. 

Detached  from  the  land,  but  found  along  the  coast,  the  icebergs 
were  from  a  quarter  of  a  mile  to  five  miles  in  length.  At  a  distance 
of  about  fifty  or  sixty  miles  from  land  they  exhibited  marks  of  de- 
cay, and  the  stratification  was  often  inclined  at  a  considerable  angle 
to  the  horizon. 

In  the  southern  seas,  these  ice-islands  float  down  as  far  as  lati- 
tude 60%  without  being  much  changed  by  melting,  since  the  tem- 
perature of  the  sea  shows  but  little  alteration  from  this  point  to- 
wards the  pole.  Further  towards  the  equator  their  texture  is  al- 
tered, and  they  rarely  exhibit  Agns  of  stratification.  They  drift 
rapidly  westwards  and  north-westwards  at  an  average  rate  of  from 
half  to  three-quarters  of  a  mile  an  hour,  and  they  are  frequently 
found  between  latitudes  40°  and  50°  S. 

Vast  multitudes  of  boulders  are  imbedded  in  these  icebergs.  All 
those  observed  apparently  formed  part  of  the  nucleus,  and  were 
surrounded  by  extremely  compact  ice,  so  that  they  appear  to  be 
connected  with  that  portion  of  the  ice  which  would  be  the  last  to 
dissolve,  and  they  would  therefore  in  all  probability  be  carried  to 
the  furthest  extent  of  their  range  before  they  were  let  loose  or  de- 
posited. 

Captain  Wilkes  concludes,  from  the  abundance  and  drift  of  ice- 
bergs, as  well  as  from  other  causes,  that  the  land  near  the  South 
Pole  is  very  extensive. 

*  Five  volumes,  with  atlas.  Philadelphia  1845. 
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II.  Upheaval  of  a  Chain  of  Hills  in  Modem  Times. 

[The  following  intereiting  notice  is  translated  from  the  seoond  Yolome  of  M. 
Tschudi's  work  on  Peru,  now  in  course  of  publication.  It  preteots  an  instance  of 
deration  of  a  kind  of  which  examples  appnr  to  be  very  rmre,  bat  an  almost  psnl- 
lei  case  is  quoted  by  Mr.  Darwin  (Journal,  2nd  ed.  p.  359),  to  whom  the  Editor  ii 
indebted  for  pointing  out  the  passage  here  translated.] 

Two  leagues  from  Lima  the  road  which  up  to  that  point  has  ran  in 
a  north  or  north-westerly  direction  suddenly  turas  towards  the  north- 
east, and  follows  the  course  of  the  river  ChUloii  as  far  as  Cavallero. 
From  this  point  there  is  a  steep  and  continued  ascent  in  the  same 
direction  (north-east)  as  far  as  Llanya,  but  at  a  considerable  distance 
from  tbe  river,  which  takes  a  wide  turn  to  the  north.  From  Caval- 
lero the  road  proceeds  for  a  distance  of  about  eight  miles  through  a 
district  entirely  barren,  and  along  the  dried-up  bed  of  a  river  (thence 
called  Rio  seco,  dry  river).  All  this  time  there  is  a  steady  ascent, 
the  last  half  league  being  tolerably  steep,  until  we  reach  the  crest 
of  a  chain  of  hills  which  extends  directly  across  the  valley.  The 
ground  is  covered  with  boulders  and  blocks  of  porphyritic  rock,  just 
as  in  the  river-bed  of  the  Rimac  As  soon  as  we  reach  the  crest  of 
the  hilly  chain,  there  is  seen,  on  the  other  side,  a  valley  resembling 
the  dried  bed  of  a  lake,  along  whose  middle  may  be  traced  a  fur- 
row— the  prolongation  of  the  bed  of  the  stream  broken  through  by 
the  elevation  of  the  hilb.  After  going  up  this  valley  and  following 
for  nearly  three  leagues  the  bed  of  the  'dry  river*  as  far  as  the  vil- 
lage Alcocoto,  we  again  find  ourselves  on  the  banks  of  the  river 
Chillon.— Peru,  v.  J.  J.  v.  Tschudiy  2  6d.  s.  8. 


III.  Oh  Marine  Infusoria  in  Volcanic  Tuff. 

It  has  been  a  matter  of  con:»iderable  interest  to  those  who  are  pur^ 
suing  microscopic  investigations,  that  in  the  various  examples  of 
volcanic  rock,  such  as  pumice,  ash,  tufa  and  other  materials,  in  which 
infusorial  animalcules  have  been  determined,  the  species  thus  met 
with  have  hitherto  all  been  referable  to  freshwater  groups. 

In  the  case  of  some  examples  of  volcxmic  ash  procured  by  Mr. 
Darwin,  and  recently  examined  by  Prof.  Ehrenberg,  several  species 
of  marine  types  have  however  been  met  with.  The  specimens  ex- 
amined were  from  Patagonia. — Berlin  Academy^  ^  BeriehL*  184-5, 
p.  143. 
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Ltfr  Sil. 


rndlulationt  of  I^wcr  nnd  Tppfr  Silurian.        Gnaiw. 


References  to 


The  diagram  in  noir  on  the  Geology  of  Scandinavia,  very  imper- 
fectly represents  The  original  section,  as  given  in  the  great  work 
on  Russia  (p.  15  ustify  the  conclusions  insisted  on  in  the  memoir 
alluded  to,  and  tauccession  there  traceable  from  Lower  through 
Upper  Silurian  temall  scale,  towards  the  right-hand  side  of  the 
wood-cut,  the  iiihe  cfTects  they  have  produced,  though  it  is  not 
pretended  that  ev 
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1.  On  the  Remains  of  Infusorial  Animalcules  in  Volcanic 
Rocks.    By  C.  G.  Ehrenberg. 

[The  present  article  has  been  prepared  from  two  communications  made  by  Prof. 
Ehrenberg  to  the  Royal  Academy  of  Sciences  at  Berlin,  and  published  in  the 

*  Buckle'  (Proceedings)  of  that  Academy  for  September  1844  and  April  1845. 
It  has  not  been  thought  necessary  to  reprint  the  lists  of  species  and  the  diagnostic 
description  of  the  new  species,  since  these  may  be  referred  to  in  the  pages  of  the 

*  AricA/^/— Ed.] 

The  influence  of  animalcules  (or  organic  bodies  so  minute  as  to  be 
invisible  to  the  naked  eye)  on  the  formation  of  the  actual  solid  masses 
which  make  up  the  earth's  crust  has  only  lately  been  recognised,  even 
with  regard  to  the  newest  stratified  rocks  and  those  of  the  most 
recent  geological  period ;  but  amongst  these  the  so-called  mountain 
meal,  peat,  sea  and  river-mud,  bog-iron,  the  earth  in  which  the 
mineral  Vtvianite  occurs,  and  others,  are  now  known  to  be  either 
partly  or  entirely  composed  of  the  organic  products  secreted  by 
these  little  animals. 

A  similar  origin  must  however  now  be  assigned  to  those  tertiary 
rocks  which  are  known  by  the  names  tripoli,  polishing  slate  and 
semi-opal,  to  some  of  the  porcelain  earths,  to  the  so-called  dysodil^ 
and  to  the  paper-coal  of  the  brown  coal  formation ;  and  even  among 
the  upper  secondary  rocks  we  find  that  the  greater  part  of  the  white 
chalk,  the  nummulite  and  catacomb  limestone  of  Egypt,  the  firestone 
of  the  same  period,  and  several  of  the  chalk  marls,  are,  beyond  ques- 
tion, the  direct  products  of  similar  minute  organic  beings. 

Amongst  the  middle  secondary  rocks,  again,  we  find  that  the 
hornstone  of  the  coral  rag  of  Cracow  and  some  widely-spread  oolitic 
rocks  in  various  parts  of  Europe  exhibit  distinct  traces  of  a  similar 
origin ;  while  even  in  the  newer  palaeozoic  rocks  we  learn  from  Count 
Keyserling  and  Prof.  Blasius  that  there  is  a  compact  limestone  of 
the  carboniferous  period  near  Lake  Onega  in  which  these  little  or- 
ganic bodies  are  present  in  vast  abundance,  associated  with  a  species 
of  Bellerophon. 

The  hornstone  of  Tula  also,  considered  and  described  by  Hel- 
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mcrsen  as  mountain  limestone,  and  in  which  CharistUes  matquetuis 
is  present  in  great  beauty,  has  certainly  been  formed  for  the  moit 
part  by  these  microscopic  animalcules ;  and  it  is  not  long  since  Prof. 
Bailey  of  New  York  forwarded  to  Europe  specimens  of  a  homstone 
from  near  Madison,  Wisconsin,  U.S^  considered  bj  the  American 
geologists  as  belonging  either  to  the  carboniferous  or  oolitic  group  ; 
and  this  M.  Ehrenberg  on  examination  has  found  to  be  also  entirely 
composed  of  similar  remains,  and  to  resemble  very  closely  the  for- 
mation of  carboniferous  limestone  from  Lake  Onega. 

Amongst  the  stratified  fossil iferous  rocks  therefore,  it  remained 
only  to  exhibit  similar  relations  with  regard  to  the  lower  palaeoxoic 
rocks,  where  however  the  difficulty  arising  from  the  great  amount  of 
chemical  change  such  rocks  have  undergone,  destroying  the  vestige 
of  these  minute  creatures,  besides  the  opake  and  troublesome  cha- 
racter of  the  rock  itself,  renders  the  negative  result  at  present  ob- 
tained little  to  be  depended  on.  It  is  very  possible  that  io  the 
lowest  of  the  series  of  deposited  rocks  such  minute  bodies  have  sof- 
fered  change,  but  it  is  also  highly  probable  that  they  have  occa- 
sionally b^n  preserved,  owing  to  some  favourable  circumstsiiees, 
and  may  therefore  still  be  discovered. 

Beyond  these  limits  it  has  been  hitherto  considered  that  all  mr 
investigations  must  necessarily  cease,  the  field  of  obserration  seem- 
ing to  be  completely  shut  out  in  those  cases  where  volcanic  fonw 
have  come  into  play.  The  calcareous  rocks  when  exposed  to  heat 
soon  lose  all  indications  of  their  having  been  formed  by  organized 
beings,  and  tlie  siliceous  earth,  when  burnt  in  association  wiUi  dsv, 
limestone  and  particles  of  iron,  passes  into  a  kind  of  glass,  whiek, 
whether  compact  or  cellular,  Ims  the  cluuracter  of  an  entirely  inor- 
ganic mineraL  It  also  appeared  that  the  great  depth  at  which  it 
was  supposed  volcanic  products  must  be  elaborated,  rendered  it  ioa- 
possible  that  any  of  the  results  of  organisation  should  be  afiecled  kf 
or  should  affect  them. 

It  is  indeed  several  years  since  M.  Ehrenberg  stated  to  the  Aca- 
demy that  the  polishing  slate  and  Kiaelguhr  (siliceous  sinter),  as  well 
as  the  so-called  volcanic  ashes  or  porcelain  earth  of  volcanic  districtSi 
might  be  considered  as  actually  made  up  of  the  remains  of  theie 
litUe  animalcules ;  but  in  the  various  places  whence  the  specimeai 
had  been  obtained  (near  Cassel,  the  Caucasus,  the  Isle  of  Franec^^e.)» 
it  seemed  probable  that  they  had  been  developed  in  great  abandanee 
during  the  intervals  between  volcanic  eruptions,  ^  crater  onder 
such  circumstances  becoming  a  small  lake  io  which  these  aaiaaii 
li%'ed  and  increased  rapidly,  and  deposited  their  flinty  skeletons, 
another  eruption  after  a  time  drying  up  the  bed  of  suefa  a  temporar; 
lake,  and  covering  it  up  with  erupted  ashes,  which  also  in  their  tan 
afterwards  became  the  receptacle  of  a  similar  deposit.  This  it  was 
thought  might  go  on  until  a  more  powerful  and  eoeigetie  nphra nl 
of  the  bottom  of  the  crater  either  gave  to  these  strata  a  steep  inelioa- 
tion  or  fairly  lifted  the  concave  bed  into  a  convex  dome,  tlivs  pre- 
cluding any  further  repetition  of  the  process.  It  appeavedt  indeed, 
from  an  examination  of  its  internal  structure,  that  tlie  borastene- 
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like  and  glassy  semi-opal  was  not  formed  immediately  by  volcanic 
agency. 

Two  other  cases  in  which  microscopic  animalcules  were  associated 
with  volcanic  rocks  had  also  been  noticed  by  the  author,  but  in 
these  the  conditions  were  less  distinctly  marked  than  in  the  former. 
One  of  them  had  reference  to  the  red  firestone  of  the  north  of  Ire* 
land,  which  has  apparently  undergone  fusion,  and  in  which  some  of 
the  chalk  infusoria  are  distinctly  present;  and  the  other  was  the 
edible  earth  of  the  Tungusians,  from  the  Marekan  mountains  near 
Okhotsk,  of  which  M.  Ermann,  jun.,  had  brought  specimens.  So 
long  ago  as  in  March  1843*,  the  author  had  stated  that  in  this 
edible  earth,  which  appears  under  the  microscope  to  consist  almost 
entirely  of  pounded  pumice,  there  were  three  distinct  species  of 
known  siliceous  Infusoria f  and  one  of  Phytolitharia]:.  M.  Ermann 
considered,  from  the  circumstances  under  which  it  occurs,  that  the 
edible  earth  consists  of  a  very  fine,  dry  and  meagre  dust  of  pounded 
rock,  in  which  this  strange  association  of  infusorial  animalcules  has 
unaccountably  become  mingled ;  and  the  author  admitted  such  an 
explanation,  describing  the  species  as  offering  a  remarkable  instance 
.of  geographical  extension,  whatever  be  the  relation  in  which  they 
stand  to  the  rock  or  formation.  The  recent  investigations  with  re<* 
gard  to  pumice  give  a  new  interest  to  this  remarkable  fact,  and  take 
away  from  its  apparently  anomalous  character  by  showing  that  there 
is  no  necessary  relation  of  the  organic  remains  in  question  to  the  rock 
or  deposit  called  Marecanite.  With  regard  to  the  other  instance 
mentioned,  that  of  the  fused  firestene,  it  appeared  to  possess  little 
general  interest,  since  the  rock  containing  the  remains  might  easily 
have  become  associated  with  the  lava  in  which  it  was  found,  frag- 
ments of  the  adjacent  rock  existing  in  it  in  considerable  number. 

The  only  example  of  any  distinct  relation  of  microscopic  organic 
bodies  with  recent  volcanic  phaenomena  was  one  recorded  by  M.  von 
Humboldt,  and  occurring  near  Quito,  where  an  extensive  volcanic 
mud-eruption  distinctly  presents  the  phaeuomenon  of  minute  organic 
bodies,  especially  those  of  vegetable  origin,  proceeding  from  the  in- 
terior of  a  volcano,  apparently  from  a  great  depth  and  in  direct  aa^ 
sociation  with  those  volcanic  effects  which  have  upheaved  mountain 
masses. 

It  has  however  lately  become  an  important  object  of  investigation 
to  learn  where  we  are  to  seek  for  the  first  traces  of  organic  life,  and 
although  for  some  time  calcareous  rocks  have  alone  been  considered 
as  affi)rding  distinct  evidence  of  its  existence,  on  account  of  the 
change  effected  in  the  siliceous  parts  of  infusorial  animalcules  in 
fused  rocks,  the  anticipations  of  the  author  that  these  remains  were 
more  permanent  than  had  been  supposed,  are  fully  borne  out  by  the 
facts  about  to  be  recorded,  since  he  is  now  able  to  announce  that 
pumice  both  in  its  normal  state  and  in  powder,  volcanic  tuff,  vol- 
canic conglomerate,  trass,  decomposed  porphyry  and  porcelain  earth 

♦  Monatsbericht,  p.  104. 

t  Fragilaria  amphicephalaf  OailioneUa  dUtantf  and  TabeUaria  vufyaris, 
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or  volcanic  ashes,  as  well  as  cltnk-^tone,  and  appareDtly  tlie  cnmUiap 
marecanite-tuif,  besides  the  various  volcanic  fused  and  empted  ncka, 
have  one  after  another  and  in  rapid  succession  been  found  to  exhibit 
a  direct  and  necessary  relation  with  the  most  minate  fonns  of  or- 
ganic existence,  and  that  such  b  the  case  frooi  whatever  part  of  the 
earth  these  rocks  are  obtained. 

The  progress  of  the  investigation  is  as  follows  : — 

A  specimen  of  very  white  siliceous  earth  of  loose  texture  and 
small  specific  gravity,  obtained  from  the  foot  of  the  volcano  *  Hoch« 
simmer'  near  the  lake  of  Laach  on  the  Rhine,  was  in  July  1844  for^ 
warded  to  the  author  by  Prof.  Noggerath  of  Bonn  for  microscopic 
investigation,  the  specimen  being  suspected  to  contain  infusorial 
remains.  It  appeared  on  examination  that  the  whole  mass,  with  the 
exception  of  a  few  grains  of  quartzose  sand,  consisted  of  siliceous 
infusorial  cases,  while  the  peculiar  association  of  species  and  their 
diminutiveness,  and  especially  the  remarkable  preponderance  of  Pm» 
nularia  viridula^  induced  the  author  to  conclude  that  there  existed 
some  peculiarly  interesting  relations  of  the  beds ;  and  he  expressed 
a  wish  that  a  strict  local  investigation  might  be  carried  on  with  re- 
spect to  some  at  least  of  the  peculiar  species  obtained.  M.  Nog- 
gerath at  once  undertook  to  do  tliis,  and  in  the  month  of  Augoit 
the  author  received  specimens  obtained  from  M.  Spenler  of  MayeD, 
but  the  original  pits  were  at  that  time  filled  up,  so  that  this  ^tA 
investigation  was  not  satisfactory  as  regarded  the  locality,  and  it 
became  necessary  to  have  the  pits  re-opened.  The  specimens  how- 
ever which  were  forwarded  wese  such  as  to  induce  the  author  to 
wish  for  a  yet  further  investigation  concerning  the  local  relatioiM, 
since  in  some  of  them  the  infusorial  earth  appeared  to  be  most  in- 
timately and  strikingly  mingled  with  volcanic  tuff. 

In  the  months  of  August  and  September  his  investigmtioDS  on 
these  rocks  were  for  a  time  suspended  during  a  joumey  made  by 
the  author  into  Bohemia,  where  he  had  the  opportunity  of  observmg 
similar  phaenomena  in  the  field  and  on  a  grmnder  scale. 

On  this  occasion  he  examined  the  vicinity  of  Bilin  in  company 
with  Dr.  Reuss,  and  found  that  volcanic  action  had  there  pro- 
duced great  disturbances  and  disruptions  of  the  stratified  rocks, 
which  rendered  it  ver)'  difficult  to  determine,  at  least  during  a  hur- 
ried survey,  the  original  relations  of  the  superficial  phenomena  and 
the  date  of  the  metamorphism.  The  Bilin  infusorial  polishing  slate 
is  however  clearly  a  stratified  rock,  having  relation  to  the  other  for- 
mations, for  it  is  seen  at  the  top  of  the  Kutschliner  mountain,  whose 
principal  mass  is  gneiss,  and  which  is  surmounted  first  by  a  thickness 
of  about  twenty-five  fathoms  of  a  cretaceous  marl  belonging  appa- 
rently to  the  Planer-kalk,  and  then  by  about  ten  feet  of  clay  con- 
taining ironstone  balls.  The  infusorial  mass,  which  on  the  whole  is 
about  fifty  feet  thick,  surmounts  this  clay,  and  presents  the  appearance 
of  a  mammillated  slate,  a  polishing  slate,  or  a  semi-opal,  according  to 
its  degree  of  hardness.  Dr.  Reuss*s  sections  have  rendered  all  this 
perfecdy  clear.  The  author  endeavoured  to  find  some  springs  of 
water  which  might  have  produced  these  phaenomena  in  modem 
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times,  but  there  was  no  trace  of  a  spring  on  the  bare  barren  summit, 
nor  could  any  channel  be  discovered  on  the  declivity  down  which 
such  spring  might  have  poured.  But  the  amphitheatre  which  the 
form  of  this  isolated  hill  presented  was  extremely  striking.  Many 
delicate  well-preserved  organic  remains  of  animals  and  plants *, 
some  of  them  known,  but  some  belonging  to  species  now  extinct, 
distinctly  prove  that  this  polishing  slate  belongs  to  an  ancient  di- 
vision of  the  tertiary  period,  immediately  subsequent  to  the  chalk, 
and  at  the  same  time  that  it  was  a  quiet  deposit  in  fresh  water,  ex- 
hibiting by  its  organic  remains  a  gradual  passage  from  the  animal 
to  the  vegetable  kingdom.  The  thin  superficial  coating  of  gravel 
seems  to  show  that  the  whole  has  been  since  subjected  to  the  action 
of  currents  of  water. 

The  environs  and  the  springs  of  Toplitz  and  Carlsbad  were  also 
objects  of  investigation  during  the  author  s  brief  stay,  and  he  looks 
forward  to  a  time  when  he  may  be  able  to  follow  out  these  investi- 
gations in  greater  detail ;  but  he  was  particularly  struck  with  the 
large  crater-shaped  valley  of  FranzensbEtd,  whose  diameter  is  about 
four  miles,  and  within  which  is  the  little  volcanic  cone  of  the  Kam- 
merbiihl.  In  this  spot  were  exhibited  many  highly  interesting  con- 
ditions and  relations  of  the  most  minute  forms  of  organic  existence. 
It  was  evident  from  the  first  glance  that  the  infusorial  siliceous 
earth  played  a  very  important  part  in  the  valley  of  Franzensbad. 
That  it  was  indeed  by  no  means  a  mere  local  phasnomenon  exhibited 
in  the  little  hillocks  or  heaps  on  the  surface,  as  had  been  originally 
supposed,  but  existed  as  a  regular  and  extensive  deposit  beneath 
the  coating  of  vegetable  soil,  had  been  noticed  before  by  Dr.  Palli- 
ardi,  but  the  author  observed  its  extension  in  so  many  places  besides 
those  noticed  by  Dr.  Palliardi,  wherever  the  denuded  surface  was 
visible,  and  it  appeared  to  be  so  completely  an  integral  part  of  the 
turf  or  bog  earth,  that  the  whole  valley  seemed  completely  covered 
with  it,  and  in  fact  the  whole  of  the  turf,  whether  its  thickness  is 
one  or  twenty  feet,  belongs  more  or  less  exclusively  to  this  forma- 
tion. 

Near  Franzensbad  the  development  ofPinnularia  viridis  in  great 
masses  of  siliceous  earth  is  extremely  striking,  and  at  the  east  end  of 
the  valley  the  presence  of  CampylodUctu  dypeus  is  equally  abun- 
dant in  the  same  manner.  Similar  formations  were  observed  by 
the  author  to  be  still  in  progress,  but  the  great  mass  of  the  deposit 
consists  of  the  mere  empty  infusorial  cases.  Scarcely  less  extensive 
than  these  are  the  deposits  of  massive  carbonate  of  iron  in  the  neigh- 
bourhood of  the  acidulous  springs,  which  commonly,  but  not  al- 
ways, contain  fragments  of  Gaillonella  ferruginea.  In  the  midst  of 
the  true  siliceous  infusorial  earth  there  also  occurs  phosphate  of  iron 
in  the  form  of  blue  vivianite,  above  which  the  fen- mud  appears,  and 
18  often  quite  filled  with  and  hardened  by  the  black  iron  pyrites. 

Here  however  it  will  be  seen  that  neither  the  mineralogical  nor 
the  physiological  conditions  are  wanting  for  the  combination  of  the 
materials,  and  the  black  pyrites  is  manifestly  a  local  and  subsequent 

*  There  is  an  extremely  rich  and  beautiful  collection  of  these  in  the  museum 
in  the  Lobkowitzian  palace,  but  the  specimens  have  not  yet  been  described. 
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formation.  Whether  indeed  the  sulphates  of  soda  and  hmt  m  the 
water  bare  receiTed  the  excess  of  carbonate  of  iroo  after  the  loins* 
tion  of  the  pyrites,  or  whether  the  €jhtiUaMeUa /errwpimmhmiih 
wotbcil  sulphuric  acid  given  off  after  death  by  the  bodies  of  the  ab- 
ceoufi-nhelled  animalcules,  the  anthor  leares  it  to  other  natnnlirtilo 
determine,  but  he  expresses  his  belief  that  the  rwmt  muhitiide  of  » 
croscopic  animalcules  at  Fransensbad  have  had  a  direet  and  iiD|mi' 
ant  influence  on  the  local  peculiarities  obaerred  in  that  llei§ilboB^ 
hood. 

Bj  such  investigations  the  volcano  in  the  neighbonrhood  came  to 
be  viewed  in  a  new  light.  It  rises  from  the  plain  with  a  gentle  is- 
'  cti nation  on  the  eastern  side,  bat  to  the  west  there  is  a  aodev  of 
cellular  )>asalt  or  basaltic  lava-slag  rising  to  the  somaiit ;  the  i 
tion  in  the  neighbourhood  is  mica*«late«  The  whcrie  of  the  < 
dome-shaped  slope  forms  a  stratified  heap  of  light  Toksaaic  eniplei 
ashes,  often  containing  lumps  of  some  size  and  also  werj  snail  Irif- 
ments  of  mica-slate,  quartz,  or  white  pumice*  The  imprrwMm  nsde 
by  viewing  these  phenomena  was,  that  the  eruptions  of  ceUokr  hn 
and  slag,  and  consequently  the  whole  slope  of  the  hill,  consisted  of 
nothing  more  than  a  valley  or  the  bed  of  a  lake  of  Tolcanie  origis, 
which  existed  before  the  outburst  of  lava,  but  that  the  valley  wu 
not  destroyed  by  the  eruption,  and  received  no  elevation.  8e?ml 
experiments  were  made  with  a  view  of  confirming  this  impreoaos, 
and  with  regard  to  the  stratification  of  the  ashes  it  appeared  sot 
necessary  to  assume  any  subaqueous  action  and  snbseqnent  elevs- 
tion,  or  any  subsequent  covering  by  water,  since  they  roost  rmeah 
bled  the  great  rubbish  heaps  near  Cahira  in  Egypt  and  elsewhere^ 
which  exhibit  the  same  appearance  of  regular  atratiflcation,  ssd 
have  been  formed  without  water. 

The  idea  therefore  of  a  relation  between  roloanlc  action  and  the 
conditions  of  existence  of  the  most  minute  organio  beings  ceand  to 
be  a  mere  vague  speculation,  and  some  proof  of  its  correctnew  wis 
presented  by  gradual  successive  steps  in  investigation. 

On  his  return  from  his  summer  excursion,  the  author  found  to 
admirable  and  systematic  collection  from  his  corroppondeut  at  Bonn. 
The  first  glance  of  these  under  the  microscope  showed  their  natnre, 
and  the  investigations  at  Hochsimmer  have  gradually  led  to  the  fol- 
lowing  results. 

The  infusorial  polishing  slate  occurs  on  the  eastern  slope  of  the 
Hochsimmer  (about  four  miles  from  the  Laacher-See),  between  the 
roads  which  branch  ofi'  from  Ettringen  to  St  Johann  and  Waldesch. 
It  is  interstratified  between  beds  of  pumiceous  conglomerate. 

Immediately  under  the  vegetable  soil  we  find-— 

feet.        lo. 

1 .  Ferruginous  pumiceous  conglomerate  ....   8--10       O 

2.  Volcanic  tuff 1       o 

3.  Infusorial  stratum  (polishing  slate) 0^  2-.3 

4.  Finely-grained  pumice  conglomerate O  8-3 

5.  Coarse  pumiceous  conglomerate  which  has 

been  penetrated  to  a  depth  of. 3       6 

Total  thickness.  •       12  fl.  4  to  15  ft 
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The  lower  pumiceous  coDglomerate  evidently  reposes  on  the  grau- 
wacke,  which  with  clay-slate  forms  the  underlying  deposit  in  the 
neighbourhood.  The  beds  of  volcanic  conglomefate  which  enclose 
the  infusorial  polishing  slate  have  a  considerable  dip,  amounting  to 
20^  north-west,  and  their  thickness  appears  in  some  places  to  amount 
io  as  much  as  twenty ^four  feet,  but  the  bed  of  polishing  slate  nowhere 
exceeds  three  inches.  The  upper  covering  seems  to  form  part  of  a 
grey  basaltic  lava-stream  proceeding  from  Seelsberg.  The  author 
was  indebted  to  M.  von  Dechen  for  this  information* 

A  careful  microscopic  examination  gave  the  following  singular 
results  with  regard  to  this  locality  : — 

First: — Not  only  is  the  stratum  of  polishing  slate  entirely  made  up 
of  the  siliceous  cases  of  infusorial  animalcules,  but  the  beds  associated 
with  it,  consisting,  as  we  have  seen,  of  volcanic  tuff  and  pumiceous 
conglomerate,  are  composed  in  great  part  of  the  same  substance. 

And  secondly,  the  tuff  and  pumice  conglomerate  exhibit  the  infu- 
sorial cases  in  a  distinctly  fused  condition,  resembling  that  noticed 
by  the  author  in  some  investigations  made  several  years  ago  on  in- 
fusorial earth  that  had  been  burnt  for  tiles  or  porcelain. 

Thirty-eight  species  of  microscopic  infusoria  were  determined  by 
the  author  from  the  Hochsimmer  beds,  and  it  seemed  probable  that 
many  more  might  be  added  to  the  list ;  of  these  species,  however, 
only  two  are  new,  and  of  the  remaining  thirty-six,  one  has  hitherto 
been  known  in  Europe  only  as  a  tertiary  fossil,  but  all  the  rest  are 
living  European  species. 

Before  extending  his  investigations  further  in  the  determination 
of  additional  species  from  this  locality,  the  author  thought  it  advi- 
sable to  advance  in  another  direction,  and  since  the  very  fragments 
of  volcanic  rock  themselves  had  exhibited  these  organic  remains, 
he  availed  himself  of  M.  Krantz's  collection  at  Berlin,  and  selected 
several  different  kinds  of  pumice  for  examination.  He  thus  ob- 
tained a  number  of  specimens  of  volcanic  ash  or  trass  from  Brohl 
on  the  Rhine,  and  he  afterwards  also  obtained  specimens  of  similar 
tuff  from  Civita  Vecchia,  and  from  Posilippo  near  Naples.  All 
these  he  carefully  examined. 

The  result  ^\  as  very  striking,  since  the  nature  of  the  pumice  was 
apparent  everywhere,  and  exhibited  not  merely  that  peculiar  cellular 
structure  which  reminds  the  observer  of  fused  specimens  of  Crat/Zone/Zriy 
but  every  minute  fragment,  even  from  the  very  middle  of  the  mass, 
exhibited  more  or  less  distinctly  the  contained  forms,  and  a  number 
of  species  was  soon  added  to  the  list  of  those  contained  in  pumice. 

The  next  step  in  the  investigation  involved  the  examination  of 
specimens  of  pumice  and  similar  volcanic  rocks  from  the  Royal 
Mineralogical  Collection  at  Berlin,  which  is  exceedingly  rich  in  va- 
rious departments  of  scientific  mineralogy,  and  here  the  author  first 
turned  his  attention  to  the  Manilla  specimens,  partly  on  account  of 
the  wide  extension  of  the  volcanic  tuff  there  said  to  exist,  and  partly 
because  from  this  locality  an  infusorial  polishing  slate  had  already 
been  brought  by  Prof.  Meyen.  The  result  of  this  examination 
was  unexpected,  but  at  the  same  time  instruct! ve»  since  it  taught 
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that  the  object  sought  for  was  neither  everywhere  present  in  the 
same  form  nor  everywhere  manifest  without  some  trouble,  even  wheo 
it  existed  in  that  form.  Under  such  circumstances  it  appeared  that 
a  special  examination  might  be  necessary ;  the  Manilla  toff,  how- 
ever, did  not  exhibit  any  infusoria. 

Although  however  this  was  the  case,  M.  Meyen's  collection  fur- 
nished a  pumice  from  Santiago  in  Chili,  marked  *  Tollo,'  and  fulir  de- 
scribed in  his  '  Travels*  (vol.  i.  p.  338).  This  pumice  forms  a  steep 
and  almost  isolated  hill  300  feet  high,  near  the  volcano  Maipu,  at 
whose  foot  lies  Tollo,  3600  feet  above  the  sea.  In  this  pumice  the 
author  found  three  species  of  siliceous-shelled  infusoria. 

Further  investigation  showed  that  a  rock  at  Arequipa  in  Peru, 
near  the  volcano,  and  described  by  M.  Meyen  as  being  probably  a 
decomposed  porphyry,  was  in  fact  a  true  infusorial  polishing  slate« 
Several  decomposed  porphyries  are  also  mentioned  as  occurring  io 
this  neighbourhood,  one  of  which  is  a  hard  specimen  about  five 
inches  in  length,  from  Cangallo  near  Arequipa*,  from  which  as 
many  as  eighteen  species  of  siliceous-shelled  infusorial  animalcules 
and  twelve  species  of  Phytolitharia  have  been  obtained.  Of  tbete, 
two  of  the  latter  group  are  identical  with  those  found  at  Santiago, 
but  the  third  is  not  among  the  thirty  Arequipa  species. 

The  author  considers  it  right  to  add  that  he  has  examined  several 
specimens  of  pumice  without  finding  in  them  infusorial  remains,  bat 
he  states  that  the  trouble  and  difficulty  of  recognising  them  was  at 
first  exceedingly  great.  Amongst  the  instances  however  in  which 
his  labours  were  rewarded  with  success  was  that  .of  a  specimen  in 
the  Royal  Mineralogical  Museum,  obtained  from  Mexico,  marked 
'  Tisar,  clay-slate  and  siliceous  earth.'  It  consisted  of  a  white  sob- 
stance  from  the  vicinity  of  a  volcano,  and  proved  to  be  an  almost 
pure  infusorial  poUsliing  slate,  in  which  thirty-three  species  of  poly- 
gastric  infusoria  and  five  Phytolitharia  have  already  been  made 
out. 

These  two  beds  of  fossil  infusoria  from  South  America  and 
Mexico  were  the  first  observed  from  that  locality,  and  are  interesting 
not  only  by  their  direct  relation  with  recent  volcanic  action,  but  also 
because  they  show  the  conditions  under  which  we  may  expect  to 
find  the  material  in  which  further  investigations  of  tfab  kind  may  be 
expected  to  be  successful. 

The  following  are  the  general  results  of  his  investigatioDs,  as 
stated  by  the  author  at  the  close  of  his  first  communication  : — 

1.  We  have  presented  for  microscopic  investigation  infiisorial 
masses  that  have  been  fused  by  exposure  to  volcanic  fires. 

2.  Beneath  the  fused  masses  of  infiisorial  remains  other  masses 
are  found  resembling  polishing  slate,  but  containing  none  of  those 
remains  elsewhere  common,  which  are  capable  of  being  disnpated 
by  exposure  to  moderate  heat 

3.  It  appears  that  from  the  depths  of  a  volcano  masses  of  oi^ganie 
bodies  have  been  thrown  up,  which  either,  as  at  Moya  in  Quito^ 

*  This  spot  is  7753  feet  above  the  lea,  and  is  a  volcano  whidi,  aecoidiBg  to 
Meyen,  hu  never  erupted  lava,  but  always  pumice. 
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contain  imperfectly  carbonized  vegetable  remains,  or,  in  the  case  of 
more  complete  fusion,  exhibit  similar  forms  imbedded  in  pumice  or 
tuff.  With  regard  to  the  peculiar  change  produced  by  fusion,  it 
does  not  seem  possible  that  the  effect  can  have  resulted  in  any  other 
way,  or  by  foreign  organic  bodies  penetrating  the  rock  while  moist, 
and  soon  after  its  formation,  since  the  appearance  is  peculiar,  and 
can  be  brought  about  by  artificial  means. 

4.  Organic  remains  have  not  been  met  with  in  all  kinds  of  pu- 
mice ;  and  only  those  appear  to  have  been  formed  out  of  the  infu- 
sorial cases  where  there  has  been  no  powerful  flux  present  to  reduce 
the  mixture  to  the  condition  of  glass.  It  will  require  further  inves- 
tigation to  determine  the  relation  of  Obsidian  to  these  pumiceous 
formations. 

5.  In  the  vicinity  of  many  volcanoes  which  either  have  erupted 
or  do  erupt  chiefly  pumice,  there  are  great  deposits  of  infusorial 
animalcules,  which  under  the  names  of  porcelain  earth,  volcanic 
ashes,  siliceous  sinter,  polishing  slate,  mammillated  slate,  semi-opal 
and  decomposed  porphyry,  have  been  considered,  and  generally 
without  sufficient  reason,  as  having  a  direct  relation  to  the  volcano. 
Such  is  the  case  in  the  Isle  of  France  and  the  Isle  of  Bourbon  with 
the  porcelain  earth  and  volcanic  ash ;  and  also  near  Cassel,  near 
Cayssal  in  the  Puy-de-Dome  and  in  the  Caucasus,  and  is  recognised 
again  in  the  case  of  the  polishing  slate  near  Bilin,  where  the  polishing 
and  mammillated  slate  and  semi-opal  are  found,  and  at  Arequipa  in 
Peru  with  the  rock  described  (but  falsely)  as  decomposed  porphyry. 
Other  similar  deposits  however,  as  for  instance  that  at  Luzon  near 
Manilla,  that  near  Mexico,  and  those  near  £ger  and  Franzensbad» 
appear  to  have  no  reference  to  volcanic  action ;  and  to  this  class  also 
belongs  the  recently  discovered  polishing  slate  of  the  Laacher-See. 

Of  the  infusorial  deposits  however,  which  are  distinctly  the  result 
of  volcanic  activity,  and  have  sometimes  been  brought  up  and  erupted 
from  great  depths,  we  have  several  examples: — 1st,  that  of  lloch- 
simmer  near  the  Laacher-See  (perhaps  not  erupted,  and  only  exposed 
to  the  action  of  heat);  2ndly,  the  trass  of  the  Brohl  Valley  (supposed 
by  those  on  the  spot  to  be  the  site  of  an  ancient  volcanic  eruption), 
and  the  similar  beds  from  Lummerfeld ;  Srdly,  the  tuff  of  Civita 
Vecchia  near  Rome ;  4thly,  the  pumice  of  Tollo,  near  Santiago  in 
Chili,  belonging  to  the  Maipu  volcano ;  5thly,  the  pumice  from 
Kammerbiihl  near  Eger ;  6thly,  the  marecanite  tuff  near  Okhotsk ; 
and  also,  7thly,  the  same  rock  at  Moya  near  Quito. 

6.  At  Hochsimmer  there  is  also  a  formation  resembling  phono- 
lite,  the  component  parts  of  which  have  the  closest  relation  with 
siliceous-shelled  animalcul&«i. 

7.  It  is  extremely  remarkable,  that  in  all  the  various  instances, 
whether  in  Europe,  Africa,  Asia  or  America,  in  which  microscopic 
organic  bodies  are  seen  to  exist  in  direct  or  approximate  relation  to 
extinct  or  active  volcanic  action,  all  of  these  belong  exclusively  to 
freshwater  formations*. 

*  In  the  subsequent  part  of  this  article  it  will  be  seen  that  an  exception  to  this 
has  been  found. 
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8.  It  appears  to  result  from  this  review  of  the  phmncmaiMf  eitiicr 
that  in  the  great  depths  beneath  the  surface  there  are  ancient  ds- 
]K)8its,  perhaps  of  coal,  formed  under  conditions  remariudilj  simikr 
to  those  now  existing ;  or  else,  which  is  more  probable,  that  tbcte 
immea.<«urably  great  masses  of  tuff,  pumice,  trams  and  mud,  eniptsd 
from  volcanoes,  have  been  sucked  in  by  the  volcano  from  time  to  Ubs, 
in  the  form  of  existing  turf  and  bog,  or  fen-mud,  greatly  assisted 
perhaps  by  the  vicinity  of  freshwater  lakes  and  pools  of  water ;  and 
then  having  been  partially  fused  are  thrown  out  again  during  tke 
next  eruption. 

9.  The  invisible  portion  of  the  animal  kingdom  is  thus  foond  to 
possess  a  new,  important  and  unexpected  influence  upon  the  solid, 
and  in  this  case  volcanic  portion  of  the  earth, — an  influence  whick 
invites  a  closer  investigation,  and  reconunends  itaelf  to  univejid 
attention. 


On  the  24th  of  April  1845,  Professor  Ehrenberg  made  anodier 
communication  to  the  Academy,  stating  the  result  of  further  invci- 
tigutions  into  the  subject,  partly  with  reference  to  some  additioul 
specimens  from  Hochsimmer,  and  partly  on  various  volcanic  tuffii, 
&C.  from  distant  localities. 

I.  On  the  Volcanic  Infusorial  T^/f  (Pyrobiolite)  o/iAe  Warn. 

Owing  to  the  active  researches  of  the  local  authorities,  and  espe- 
cially of  M.  von  Dechcn,  the  author  has  obtained  much  new  informa- 
tion with  regard  to  the  Laacbcr-See  and  Hochsimmer ;  and  he  states 
that,  including  a  fircstone  forwarded  by  M.  N<5ggerath,  not  less  than 
thirty-nine  di^crent  kinds  of  rock  had  been  forwarded  to  him  for 
investigation.  The  geological  relations  of  these  rocks  he  considers 
it  highly  essential  to  record ;  and  they  are  the  more  important,  since 
other  objects  had  been  forwarded  to  him  for  examination  from  distant 
localities,  and  a  coni)>arison  of  the  results  with  what  we  know  of  the 
volcanic  relations  of  the  inland  Rhine  district  would  tend  to  a  com- 
pletion or  rapid  extension  of  our  general  knowledge  of  the  subject 

The  sections  at  Hochsimmer  are  obtained  from  six  points ;  and 
the  following  account  is  quoted  by  the  author  from  a  communiea- 
tion  he  had  received  from  M.  von  Dechen  :— 

**  The  first  result  is,  that  the  peculiar  infusoriial  mass  is  not  con- 
fined to  the  one  stratum  first  made  known,  although  the  others  re- 
cently  laid  bare  do  not  equal  that  in  purity  and  regularity. 

*'  From  the  relations  of  the  originally  exposed  infusorial  stratum, 
the  immediate  depo>it  of  the  whole  series  of  volcanic  tuffs  and  con- 
glomerates  containing  that  bed,  and  resting  upon  the  grauwacke,  is 
distinctly  seen. 

*'  The  thickness  of  the  conglomerate  and  tuff,  as  far  as  it  has  been 
hitherto  proved,  amounts  to  about  27i  fathoms  or  165  feet ;  and  it 
is  not  likely  that  the  whole  thickness  is  much  greater  than  this, 
since  the  grauwacke  comes  out  to  the  day  at  no  great  distance  to- 
wards the  north-cast. 
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<*  NotwithatandiDg  that  the  whole  thickneflB  of  the  deposit  has  not 
been  penetrated  at  this  point,  there  is  no  doubt  that  the  series  of 
deposits  upon  the  grauwaeke  consists  exclusively  of  various  conglo- 
merates and  tuffs  of  volcanic  origin,  having  very  different  thickness, 
and  containing,  interstratified  with  them,  several  infusorial  masses ; 
and  the  whole  sequence  is  essentiallv  identical  with  the  very  similar 
series  in  the  neighbourhood  of  the  Laacher-See." 

The  microscopic  investigation  of  the  thirty-nine  specimens  for- 
warded has  led  to  the  following  results : — 

1 .  The  whole  stratified  deposit  of  volcanic  tuff  and  conglomerate 
reposing  on  the  grauwaeke  at  Hochsimmer,  just  as  in  the  case  of 
the  Brohl  Valley,  and  the  similar  masses  on  the  east  bank  of  the 
Rhine  (0«  g,  the  pumiceous  conglomerate  or  sandstone  of  Engers), 
all  exhibit  relations  with  minute  organic  life,  and  are  often,  to  all 
intents  and  purposes,  actually  formed  of  microscopic  animalcules. 

The  relation  with  organic  beings  is  of  this  kind :  not  only  are 
there  complete  layers  of  distinctly  recognisable  organic  bodies,  which 
were  once  the  siliceous  cases  of  infusorial  animalcules,  but,  with  few 
exceptions,  every  fragment  of  tuff  not  larger  than  a  pin's  head  will 
be  found  to  contain  several  portions,  sufficiently  preserved  to  enable 
us  to  identify  specific  forms,  and  often  exhibit  complete  shells  of  these 
minute  beings ;  sometimes  also  the  whole  mass  is  almost  entirely 
made  up  of  them. 

In  the  rock  at  Brohl  and  the  firestone  of  Bell,  it  is  the  included 
pumice  which  exhibits  remains  of  this  kind  either  complete  or  in  a 
fragmentary  state ;  and  in  the  pumiceous  conglomerate,  or,  as  it  is 
called,  the  sandstone  of  Engers,  it  is  not  the  grey  interstratified  mass, 
but  the  white  puraice*like  nucleus  of  the  conglomerate,  which  also 
here  and  there  contains  similar  organic  bodies  though  in  a  fragmen- 
tary condition.  Many  of  these  in  the  regular  volcanic  tuff  forma- 
tions appear  to  have  become  quite  unrecognisable ;  but  amongst  the 
mass  some  may  oflen  be  found  which  enable  us  to  determine  both 
the  genus  and  species  of  the  little  animalcule  of  which  they  are  the 
remains. 

In  most  of  these  volcanic  tuffs  one  may  often  perceive,  by  using 
transmitted  light,  green,  brown  or  white  crystals,  of  which  the  green 
are  for  the  most  part  columnar,  oblique-rhomboidal,  acutely-pointed 
prisms,  appearing  black  with  reflected  light,  being  in  all  probability 
crystals  of  augite,  while  the  obtuse  brown  crvstals  are  more  likely 
to  be  hornblende.  Many  of  the  tuffs  contam  great  quantities  of 
exceedingly  small  white  transparent  crystals  in  which  sometimes  there 
may  be  distinctly  traced  the  rhombic-dodecahedral  form,  and  these 
no  doubt  are  sodalite,  or  perhaps  occasionally  leucite. 

2.  The  masses  thus  characterized  appear  to  be,  as  they  have  al- 
ways been  considered,  of  volcanic  origin.  The  numerous  small  cry- 
stals of  augite  which  make  up  so  large  a  part — often  at  least  one-half 
of  the  whole  mass — and  those  white  kernels  and  particles  of  sodalite 
and  leucite  visible  to  the  naked  eye,  have  hitherto  been  considered 
as  the  result  of  the  action  of  heat,  since  we  are  not  aware  of  the 
possibility  of  such  forms  of  the  mineral  being  producible  by  aqueous 


84  GEOLOGICAL  MEMOIRS. 

action.  The  application  of  the  microscope  to  this  subject,  flhowing 
that  the  condition  of  the  siliceous  infusorial  cases  is  such  as  wcraki 
be  the  effect  of  exposure  to  very  high  temperature,  has  fullj  con- 
firmed this  view. 

3.  The  stratified  mass  at  Hochsimmer  can  no  longer  be  considered 
as  an  aqueous  formation,  fused  into  a  mass  by  volcanic  action  imme- 
diately after  its  deposit ;  since  the  condition  of  the  different  strati 
is  not  such  as  would  be  produced  by  such  means.  Several  experi* 
ments  seem  to  prove  that  the  most  perfect  fusion  has  been  effected 
in  portions  which  are  by  no  means  the  lowest  in  position. 

4.  The  tuff  of  Hochsimmer  could  not,  it  would  seem,  have  been 
formed  under  water,  because  the  materials  of  the  strata  are  not  ar- 
ranged according  to  the  law  of  gravitation.  The  author  states  that 
he  has  made  out,  by  direct  experiment,  that  the  white,  siliceous,  in* 
fusorial  powder  by  no  means  retains  its  white  colour,  nor  does  it 
arrange  itself  in  the  same  way  afler  being  mixed  under  water  with 
the  fine  tufaccous  ash  with  which  it  is  interstratified.  The  hollow 
cells  also  of  these  infusorial  cases  rise  to  the  surface  when  mixed 
with  coarse  particles,  so  that  some  other  cause  than  mere  deposit 
from  water  must  have  produced  the  alternation  of  fine  layers  of  these 
with  beds  of  coarse  tuff. 

If  it  should  be  said  that  these  coarser  particles  of  tuff,  amongst 
the  fine  layers  of  infusorial  animalcules,  consist  of  concretions  which 
have  formed  in  \i'ater  from  the  more  minute  particles  since  the  mass 
was  deposited,  or  that  they  have  been  formed  at  all  by  aqueous  ac* 
tion,  the  association  with  volcanic  crystals,  sometimes  of  consider- 
able size,  renders  such  an  explanation  impossible.  In  the  same  waf 
it  seems  impossible  to  account  for  the  appearance  by  supposing  that 
the  masses  containing  infusoria  were  deposited  regularly  in  alterna- 
tion with  deposits  of  tuff,  because  the  internal  structure  and  compo- 
sition of  the  tuff  itself,  and  the  fact  that  it  is  often  partly  and  some- 
times almost  entirely  made  up  of  similar  organic  bodies,  is  directly 
opposed  to  such  a  view. 

But  again,  it  may  be  imagined  that  the  infusorial  animalcules  were 
introduced  after  the  volcanic  deposits  had  been  effected,  and  partly 
by  aqueous  action.  To  this  idea,  however,  is  opposed  the  fact  of 
their  being  almost  always  in  fragmentary  condition,  and  in  great 
part  metamorphosed, — an  appearance  which  the  author  has  never 
seen  in  the  rapidly  forming  beds  of  these  animal  remains,  either  in 
Berlin  or  in  the  Luneburg  forest,  or  near  Eger,  however  thick  the 
deposits  may  be.  The  regular  stratification  and  distinctly  arranged 
appearance  are  also  opposed  to  this  view ;  and  indeed  it  becomes  alto- 
gether impossible,  when  we  consider  the  mingling  that  there  is  of 
Phytolitharia — the  siliceous  particles  of  certain  minute  vegetable 
bodies — which  could  as  little  form  and  increase  in  these  places,  or 
even  penetrate  to  them,  as  the  bones  of  quadrupeds. 

5.  The  Loss  in  the  Rhine  neighbourhood  appears  quite  distinct 
from  the  tuff,  although  it  contains  parts  made  up  of  organic  bodies. 
It  bears  no  appearance  of  having  undergone  the  action  of  heat 

6.  There  are  at  this  time  ninety-four  different  species  of  micro- 
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scopic  bodies  recognised  as  forming  an  integral  part  of  the  Rhe- 
nish volcanic  tuff;  and  of  these  seventy-two  are  Polygastrica  and 
twenty-two  PhyioUthariay  and  all  without  exception  consist  of  land 
or  freshwater  forms.  Only  four  or  five  of  the  whole  aumber  are 
unknown  and  peculiar. 

7.  With  regard  to  the  particular  species,  the  author  remarks  that 
the  toothed  EunotuB,  viz.  Eunotia  triodon  (having  three  teeth)  and 
E.  diadema  (with  six  teeth),  have  not  hitherto  been  met  with  by  him 
in  a  living  state  in  Germany,  and  are  generally  considered  as  north- 
ern fossil  forms  in  Sweden,  Finland  and  North  America.  The  first  of 
them  was  however  found  living  near  Salzburg  by  the  late  Dr.  Wer- 
neck,  and  has  recently  been  recognised  in  atmospheric  dust  from  the 
Cape  de  Verd  Islands.  There  are  also  three  species  of  Biblaria 
not  now  known  to  exist  in  Europe. 

8.  Among  those  whose  remains  form  great  masses  in  the  Rhine 
district  may  be  enumerated  Discaplea  comta  and  Pinntdaria  viri' 
dula.  The  first  is  only  at  present  known  as  an  existing  species  on 
the  high  lands  of  Koordistan,  but  the  other  is  common  in  a  living 
state  everywhere  in  the  vicinity.  The  IHscoplea  occurs  also  in  the 
phonolitic  incrustation  of  Hochsimmer  and  at  Wistershan  in  Bohe- 
mia, and  is  also  present  in  the  ashes  which  have  buried  the  ancient 
city  of  Pompeii ;  and  a  very  similar  species  is  found  in  the  tertiary  • 
tripoli  of  Virginia :  it  is  closely  allied  to  Gaillonella  crenukUa. 

The  author  mentions  that  he  has  seen  and  carefully  avoided  errors 
of  observation  arising  from  the  resemblance  of  some  forms  of  infu- 
sorial cases  to  fragments  of  crystalline  bodies,  such  as  sodalite  and 
leucite,  which  are  oflen  present,  and  might  readily  be  the  cause  of 
mistaken  descriptions. 

9.  If,  after  a  further  extension  of  our  knowledge  as  to  the  circum- 
stances of  the  case  at  Hochsimmer,  it  should  appear  possible  that 
this  deposit  might  have  been  formed  by  a  shower  of  ashes,  or  by 
projectiles  consisting  of  a  fine  dust  fused  together  into  a  mass  with- 
out the  presence  of  moisture,  such  showers  occurring  at  intervals  and 
after  the  lapse  of  short  periods  of  time  ;  or  if  the  local  conditions 
should  require  that  such  ashes  have  been  driven  by  a  steady  wind 
into  a  dry  crater-shaped  hollow,  where  they  have  been  received  and 
accumulated  in  layers,  such  a  mode  of  accounting  for  the  phaenomena 
would  best  agree  with  the  result  of  the  author  s  investigations,  and 
his  knowledge  of  the  materials  of  which  the  deposit  is  made  up. 

10.  With  regard  to  the  very  puzzling  question,  whence  these  infu- 
soria and  Phytolitharia  came,  he  suggests,  partly  on  account  of  their 
including  forms  not  now  met  with  in  a  living  state,  that  they  may 
possibly  have  formed  layers  of  turf,  or  perhaps  brown-coal,  which 
by  some  accident  have  come  within  the  range  of  volcanic  activity  ; 
and  owing  to  their  incombustible  and  almost  infusible  condition 
have  been  erupted  as  showers  of  ashes.  Such  layers  of  infusoria  he 
has  already  shown  to  exist,  forming  and  accompanying  the  fissile 
coal  near  Siegburg  and  Geistingen  on  the  Rhine,  although  on  the 
Upper  Rhine  none  have  yet  been  determined.  The  tuff  and  firestone 
appear  to  have  had  a  similar  volcanic  origin,  but  to  be  the  result  of 
eruptions  of  mud  in  which  the  infusorial  strata  have  not  been  repeat- 


86  GEOLOGICAL  >cnfois«» 

cd,  owing  to  tbeir  toughness.  The  laDdstoiie  ftmn  Engen  tppean  to 
have  been  erupted  in  the  condition  of  fiued  lumps,  wlueh  have  aftnw 
wards  l>cen  united  into  a  maM  by  a  cement  of  m  werj  diffefent  kiad^ 

II.  On  a  remarkable  Tuff  of  Volcanic  Asheg  camiahnmg  Infiuom^ 
from  the  Island  of  Aaeentum. 

The  author  was  indebted  to  Mr.  Darwin  for  several  hSghlj  tsr 
teresting  specimens  for  microscopic  investigation,  obtained  daring 
his  journey  ;  and  amongst  them  was  a  singular  white  and  soft  vof 
canic  tuff  obtained  from  an  extinct  volcano  in  the  island  of  Ascen- 
sion. Before  statins  the  result  of  his  examination  of  this  rocl^,  tbe 
author  quotes  from  Mr.  Daniin's  work  tlie  following  account  of  the 
circumstances  of  its  occurrence  : — 

**  Concrelioru  inpumiceotu  tuff. — ^The  hill  marked  in  the  map  '  Crater  of  taoU 
volcano/  has  no  claims  to  this  appellation  which  I  oo^d  discorer,  except  in  bdi| 
surmounted  \vj  a  circular,  very  shallow,  sauoer-like  ■nmmity  iMarif  half  a  nflt  ii 
diameter.  This  hollow  has  l)een  nearly  filled  op  with  many  SBceeitifV  shMM  iC 
abhe*  and  scoris  of  different  colours,  and  slightly  cooaalidatoj.  Each  foocasait 
sauccr-khaped  layer  crops  out  all  round  the  margin,  forming  so  many  rinp  of  \^ 
rious  colours,  and  giving  to  the  hill  a  fantastic  appearance.  The  outer  ring  ii 
hr(Mul  and  of  a  white  colour,  hence  it  resembles  a  course  romid  which  horses  htrt 
been  exercised,  and  has  received  the  name  of  the  Devil'a  Riding-School,  by  wkkk 
it  is  most  generally  known.  These  successive  layers  of  ashea  nmat  have  Crika 
over  the  whole  surroundioR  countnr ;  but  they  have  all  been  hlowB  away  ci«qpc 
in  th'iH  one  hollow,  in  wliicn  probably  moisture  accumulated,  either  during  aa  a- 
traordinar}'  year  when  rain  fell,  or  during  the  storms  often  accompanying  volca- 
nic eruptions.  One  of  the  layers  of  a  pinkish  ooloar,  and  chtelly  derived  fsam 
small  decomposed  fragments  of  pumice,  is  renarkaUa  ftom  ooBtainiag  munenAi 
ouncretionb,"  &c.    (Volcanic  Islands,  p.  47.) 

This  singular  example  of  volcanic  ashes  met  witii  in  a  true  ?ol* 
canic  island,  isolated  and  aituated  off  tiie  coaat  of  Africa*  exhibits 
however,  on  a  careful  microscopic  invefttigation«  none  of  the  dia* 
racters  of  an  ordinary  inorganic  volcanic  ash ;  but»  ou  the  eootrarf, 
the  whole  mass  is  of  organic  origin,  scarcely  changed  in  ita  sepaiate 
parts,  but  entirely  deprived  of  every  form  of  carbon,  whieh  hai  pro- 
bably been  dissipated  on  the  mass  being  exposed  to  a  red  hetL 
This  completely  rainless  and  treeless  ishuui,  covered  only  with  a 
•canty  vegetation,  on  which  no  land  birds  are  able  to  exist,  as  we 
are  informed  by  Mr.  Darwin  in  his  ^  Journal,'  can  hardly  have  hai 
such  a  periodical  supply  of  water  in  this  so-catted  ^  old  Tolcaoo  *  m 
to  have  allowed  many  plants  to  grow,  since  our  traveller  doca  not 
mention  the  existence  of  their  remains  in  that  plaee. 

When  it  is  considered  that  thirty  species  of  organie  bodies,  chiefly 
remains  of  plants  (Phytolitharia),  but  including  also  silteeoiia.sliellad 
infusoria,  liave  been  obtained  from  this  most  ohamelerisiic  form  of 
a  tufaceous  deposit  in  a  circular  band  surrounding  a  supposed  vol- 
cano, the  phsenomenon  appears  beyond  a  doubt  very  enigmatical, 
and  requires  to  be  considered  in  a  somewhat  new  poioit  of  riew  in 
order  that  it  may  be  solved. 

*  Tlie  author  here  appends  a  table,  in  which  the  ocenrrmce  of  each  qieeies  ia 
each  one  of  the  thirty.nine  different  rocks  of  the  Hocfasinnicr  asctkMi  ia  reeonkd. 
Ii  will  be  found  isdsa  page  U9  s€  the  PioeeediDss  of  the  Hsrlia  Acaieay  CB^ 
HcA/e)  for  1845,  -7  V«^ 
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The  specimens  of  this  tuff  that  were  examined  do  not  merely  ex* 
hibit  the  organic  forms  distributed  more  or  less  abundantly  through 
the  mas9,  but  they  seem  actually  made  up  of  them,  since  even  the 
dust-like  powder  or  detritus  mingled  with  them  may  be  considered 
as  merely  fragments  reduced  to  a  very  fine  state  of  subdivision. 

An  examination  of  the  specific  forms  determines  the  singular  and 
very  important  fact,  that  the  greater  number  of  these  are  widely 
spread,  reaching  even  to  Europe,  and  that  they  are  of  land  or  fresh- 
water origin.  Eleven  of  the  number,  besides  these  known  species, 
must  also  be  placed  amongst  the  freshwater  forms,  and  most  of  them 
are  little  siliceous  particles  from  grasses,  while  there  is  not  one  single 
marine  species  to  be  met  with  amongst  the  whole  number  of  organic 
bodies  thus  composing  a  rock  in  the  middle  of  the  ocean.  It  yet  re* 
mains  to  be  determined  what  the  thickness  of  the  bed  is,  and  in  what 
relation  it  stands  to  the  other  pumice  in  the  neighbourhood;  but 
these  infusoria  can  hardly  be  considered  as  having  relation  to  the 
present  scanty  vegetation  of  the  island. 

III.  On  a  White  Volcanic  Rock  or  Tuff  from  Patagonia  containing 
Marine  Infusoria. 

The  author  states,  that  amongst  many  other  objects  for  examina- 
tion received  by  him  from  Mr.  Darwin,  one  of  them  was  a  white 
tufaceous  rock,  described  by  Mr.  Darwin  in  his  *.  Journal  * '  as  cha* 
racLeristic  of  the  tertiary  formations  of  Patagonia,  and  covering  a 
great  deposit,  including  many  tertiary  shells,  sdl  apparently  extinct. 
This  bed  (tlie  tufaceous  rock)  has  been  incorrectly  described  as  chalky 
but  it  much  more  nearly  resembles  a  deposited  felspathic  mass. 

The  specimen  examined  presented  under  the  microscope  the 
character  of  a  crumbling  pumice  or  tuff  containing  fragments  of 
infusoria.  When  this  result  was  communicated  to  Mr.  Darwin,  he 
requested  the  author  to  experiment  upon  the  mass  in  a  more  special 
manner,  and  forwarded  specimens  from  Port  St  Julian,  Port  Desire 
and  New  Bay,  accompanied  by  the  following  remarks  received  in  a 
letter  from  him  : — 

"  I  have  to  thank  you  for  your  remarks  on  the  white  Patagonian 
rock,  and  to  state  that  for  many  reasons  I  bad  arrived  at  the  same 
conclusion  as  yourself,  that  it  is  originally  a  volcanic  product  Un- 
fortunately you  do  not  mention  which  of  the  specimens  of  white 
stone  contain  infusoria,  and  I  think  I  forwarded  several,  with  their 
localities  marked  f.  The  formation  is  on  a  grand  scale ;  it  contains 
much  gypsum,  it  has  the  consistence  of  our  chalk,  but  is  perhaps 
somewhat  softer,  and  it  has  an  enormous  extension.  At  Port  St 
Julian  it  cannot  be  less  than  800  feet  thick.  Its  average  breadth  ig 
at  least  200  miles,  and  probably  more,  while  it  extends  from  north 
to  south  at  least  550  miles." 

The  author  on  this  renewed  his  investigations  with  every  possible 
attention,  and  conununicates  the  result,  enumerating  the  species  and 

*  Ist  ed.,  p.  201 ;  2nd  ed.,  p.  170. 

t  The  author  had  found  these  remains  in  all  the 
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t:ie!r  'iicuin*^^  TTie  mnUHsr  of  ipeciass  described  aauMint^  to  tLirty ; 
"jiir  le  ^uck-!*  -hiir  -^v^r^  rn^  \.n'^*iaQiruioa  ha^  incveaMed  th»  number, 
mit  las  iisti  'A^Tiiit?u  uj  tfimlim.  t&e  vijleaBie  efiarsccer  of  the  rDck*. 

Tie^.  -iiirrr  irzanie  wilie&.  Mfticiatcd  with  tvtt  minste  fin^- 
iM^ais  It'  •fHloior  riu»f  samiee  cnadT  reMCHibliiic  tktm»  fo  eoa- 
iif  r.Mr  3uu«*  lo  'JiK  vaiiie  sum  of  du»  Paua^ooiaa  rock,  effmaHT 
ic  N««w  dtt*^.  laoL  wiener  die  ^ittila  or  fijjg.uM.'ats  of  dbeoi  eui  be  de- 
vinsti  ja  'i^'Tj  .iait»  luinci  ntx  larzer  than  a  pm's  bead.  It  i* aifo 
>*ri-eC7  riear  tbac  cvy  liave  been  rabjecced  to  a  birii  tenpentim 
wj;r:i  las  hitk  "i^eoi  i5«ia«xer.  beiic:  pi>l»bed  and  altered  tbem.  It 
-jf  -^-m  pmrncie  sisic  :iu*  zijawy-  enubed  fm^^ients  are  abc  derived 
unmetxiaceiy  cnm  "ame  'irrinic  pcrxioct^ :  bat  tbere  are  bere  ud 
catffp.  '»iites  ::it>9«.  zretHi  erysois  resembHa^  aB^ite. 

Fauft  TLh»  '',nusdj  >:i-i»i!iG  •ii  Kwcxes  wbicb  inbabit  aalt  water,  lod 
•-f  :af-<«  auny  iavf*  at>«a  loc;;  knowa  aad  ar^  videlr  extefided 
t;imi;ri  tae  .}«.vaa :  hat  ieTeni  of  them  are  new  and  peculiar,  ud 
rv^nicto*  m  foane  «imil  <tu^  Neorfy  habTof  Cbem  are  tbe  nlioeoas 
7tLrr:»'Lr?*  r  Tuirz^  *coes??s  whcee  f>nns  are  knowiK  and  of  wbifh 
we  in  :a  s«:ae  eaws  uu  laiared  with  tbe  origin. 

T's*i  Pizj^MiLia  n>:iL  taii:^  liescribed  »  tberelbrc  manifcsdraset- 
bvJGirai  v:i;>!a  '2Jai  been  ^bj«=et  to  ▼olcanic  action. 

Iz  tr.-f  ea?^.  is  fcefore-  tae  spicobe  of  sponges*  wbicb  are  ilwij? 
<>:CAa:iiii^  4=.:  rrxrmentary.  can  neither  hare  penetrated  thevolcnnf 
tu?.  ncr  can  t2«:y  uve  been  there  developed  in  a  fragmentary  stiff i 
whiie  Mi:a  a  c<.c:.:c  2«  ^U  ken  tenable  with  reelect  to  tbe  infiisoral 
aaioaiL *!!•::««.  A  c-rnriy  elevated  sea-bottom  wbicb  bad  not  beca 
expo«fr<i  tf»  !nic!:*e  h<eat  mcst  necesearily  hare  exbibited  varioiu  or 
gjkcio  l>:>aLfs.  a5  13  Oan.  Sicily  and  \lrginia.  containing  entire 
»p«>n?c<w  corals  toraminifera  and  sbeib^  and  would  not  merelv  eoa- 
fti^M  *A'  irjgnirQU  of  pumict:-  and  of  siiiceou»-«belled  infnsoria.  Fon* 
niiuiftra  an«i  all  ocbrT  calcareous  remains  are  here  entirely  abeent, 
anii  thf-y.  as  wcrll  as  the  argiiiaceous  particles  on  tbe  sea-bottom,  have 
pn.txibly  sc-nt-d  T^^^y  ^  a  ilux  for  reducing  the  fused  siliceous 
|iarticl«*!ik  and  have  partly  been  decompoeed  to  form  tbe  gypsum. 

'TTie  a'jthor  th«  proceeds  to  de4cri>»c  several  infusorial  remains  occurring  in  the 
lijamy  eanh  of  Paugnnia  and  the  hanks  of  the  Plata,  vrhence  were  obtained  the 
gizantic  mammalian  remains  of  Ef1entate«  and  other  animab  brouglit  home  hv  Mr. 
Darwin  aud  deMrhhed  by  Profeuor  Owen.  These  are  almost  entirely  of  fresh- 
water origin,  and  difler  tberefure  from  those  found  in  the  rock  ahneauiy  alluded  Co. 
Uv  neAt  mention-s  two  kinds  of  Plionolite,  the  tra»s  of  the  Siebengebirge.  and  the 
athes  under  which  Pompeii  is  buried,  as  all  containing  infusorial  remains,  ahhoiwb 
the  number  of  siieries  h  not  considerable ;  and  he  concludes  by  alluding  to  a 
sinf^ilar  instance  uf  a  l>oiIy  apparently  organic  but  not  infasoiial,  foood  in  the 
trachyte  of  Zimapan  in  Mexico.  Thiese  matters  not  bearing  diractly  apon  tbe 
principal  point  in  question  iu  this  memoir  arc  here  omitted.^ — £0.] 

*  The  species  uf  Polygaitrica  (infusorial  animalcules)  amoant  to  seventeen,  aad 
the  Phytolitharia  arc  thirteen.    They  are  thus  distributed : — 

Pulvgastrica.         Phytolitharia.  TotaL 

Port  St.  Julian 10        8        •       is 

Port  Desire 13        7        20 

NewJiay 2        1        5 
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Sketch  of  the  general  results  of  these  investigations. 

1.  The  recent  varied  and  careful  researches  have  confirmed  the 
notion  that  there  exists  on  the  Rhine,  in  districts  marked  by  vol- 
canic action,  a  very  intimate  and  general  relation  between  organic 
life  in  its  most  minute  form  and  the  results  of  volcanic  activity. 
Crystals  of  volcanic  origin,  either  pyroxene  (augite),  sodalite  or 
leucite,  are  mixed  up  directly  and  intimately  with  the  fused  frag- 
ments of  freshwater  infusorial  remains  in  rocks  the  thickness  of 
which  amounts  to  nearly  200  feet 

2.  On  the  volcanic  island  of  Ascension  in  the  middle  of  the  At- 
lantic, which  is  singularly  barren  of  life,  being  entirely  without 
trees  and  almost  without  water,  there  exists  a  considerable  deposit 
of  volcanic  ashes,  which  according  to  microscopic  analysis  is  clearly 
shown  to  be  made  up  exclusively  of  organic  bodies,  most  of  them 
the  siliceous  parts  of  plants,  but  some  of  them  the  remains  of  infu- 
sorial animalcules ;  and  these  are  not  species  inhabiting  the  sea,  but 
are,  without  exception,  confined  to  fresh  water. 

3.  According  to  the  result  of  numerous  observations  made  with 
reference  to  various  localities  in  Europe,  Asia,  Africa  and  America, 
it  appeared  that  the  relation  of  microscopic  organic  bodies  to  vol- 
canic rocks  was  strictly  confined  to  those  forms  known  only  as  ex- 
isting in  fresh  water,  and  it  seems  also,  as  stated  above,  that  this  is 
the  case  in  the  island  of  Ascension,  under  very  striking  circumstances. 
This  might  have  been  supposed  to  arise  from  the  similar  marine 
forms  not  having  been  yet  observed,  or  from  the  mixture  of  other 
material  at  the  sea- bottom  having  rendered  the  whole  more  readily 
fusible,  and  so  not  presenting  the  phsenomenon  for  investigation. 
There  has  now,  however,  been  found  a  volcanic  formation  of  infu- 
sorial tuff  forming  mountain  masses  in  Patagonia,  and  exhibiting 
distinctly  its  marine  origin,  so  that  this  remarkable  appearance  of 
an  exclusively  freshwater  origin  b  taken  away,  and  the  marine  forms 
are  fully  represented. 

4.  In  Patagonia  this  Pyrobiolite  rock  is  developed  into  a  terrace- 
shaped  formation  upwards  of  800  feet  high,  greatly  resembling  the 
European  chalk,  although  without  any  trace  of  carbonate  of  lime, 
and  containing  here  and  there  a  considerable  quantity  of  gypsum. 
It  forms  apparently  one  of  the  largest  uniform  masses  of  rock 
that  we  know  of  on  the  earth,  amongst  those  manifestly  due  to  the 
same  agency  throughout  and  perfectly  continuous,  and  it  exhibits 
everywhere,  and  is  perhaps  chiefly  derived  from,  the  influence  of  the 
most  minute  forms  of  organic  existence. 

5.  The  Patagonian  white  tuff,  formed  perhaps  during  the  sub- 
marine eruptions  of  the  great  Chilian  and  Patagonian  Cordilleras  of 
the  south-western  part  of  South  America,  and  possibly  the  result 
of  the  great  and  uniform  activity  of  the  eruptive  forces  which  ele- 
vated that  chain  of  mountains,  must  be  of  tertiary  or  yet  newer  date, 
since  the  pyrobiolite  rock  reposes  on  fossil  iferous  tertiary  strata. 
It  would  not  be  unimportant  to  subject  to  careful  microscopic  in- 
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vestigation  the  fine  dust  which  ofYen  faUs  during  showers  of  volcanic 
ashes. 

6.  The  ashes  which  buried  Pompeii  were  of  freshwater  origin, 
and  neither  sea-water  or  a  sea-bottom  seem  to  have  had  anything 
to  do  with  the  volcanic  eruption  to  which  they  were  due.  The 
formation,  in  all  essential  points,  resembles  that  of  Hochsimmer. 

7.  From  an  examination  of  its  microscopic  contents  it  has  been 
made  clear  that  the  ossiferous  beds  on  the  Plata  and  at  Monte 
Hermoso,  as  well  as  those  near  Bahia  Blanca  (both  of  which  are  in 
Patagonia),  are  unchanged  deposits  made  in  slightly  brackish  water 
— probably  the  result  of  some  great  irruption  of  the  sea  upon  the 
low  lands  of  the  mainland. 

8.  It  also  appears  that  the  original  trachyte  of  Mexico,  the  matrix 
of  the  fire-opal,  affords  distinct  indications  rendering  probable  its 
relation  to  organic  forms,  and  suggesting  closer  examination.  It 
appears  within  the  limits  of  possibility  that  all  masses  derired  from 
trachyte  may  be  in  a  similar  condition. 

9.  The  idea  that  the  most  minute  and  invisible  living  beings 
exercise  a  mighty  influence  on  the  solid  igneous  framework  of  the 
earth, — an  idea  which  was  at  first  only  suggested,  but  is  now  con- 
firmed by  every  fresh  investigation, — renders  it  possible  that  a  far 
greater  extension  may  yet  be  looked  for,  and  we  may  therefore  be 
prepared  to  expect  corresponding  results  on  the  grandest  scale. 

10.  The  recognition  of  organic  infiuence  in  the  case  of  so  many 
of  those  rocks  of  which  the  earth's  crust  is  made  up,  renders  it  very 
desirable  that  the  limits  of  the  extent  of  this  influence  should,  as  far 
as  possible,  be  marked  out  The  names  siliceous  sinter  (Kieselgubr), 
mountain  meal  (Bergmehl),  tripoli,  polishing  slate,  paper-coal  or  dy- 
sodil  (Blatterkohle),  limestone,  semi-opal,  hornstone,  ironstone,  &&, 
now  require,  not  indeed  mineralogically  but  geologically,  that  we 
should  be  able  to  distinguish  them  by  some  general  name,  so  that  there 
should  be  no  danger  of  describing  under  the  same  appellation  matter 
of  very  different  kinds.  This  might  no  doubt  be  effected  by  speaking 
of  *  organic  or  infusorial  siliceous  sinter,'  *  infusorial  tripoli,*  and 

*  altered  volcanic  or  unaltered  volcanic  freshwater  or  infusorial  tri* 
poli ;'  or  we  might  speak  of  *  polythalamial  limestone,'  *  organic  or 
infusorial  iron,'  &c. ;  but  all  these  long  additions  to  ordinary  expres- 
sions are  manifestly  inconvenient,  and  the  same  difficulty  occurs 
with  regard  to  the  names  '  tuff/  *  volcanic  conglomerate!*  *  pumice,' 

*  phonolite,'  &c. 

The  author  then  suggests  as  a  convenient  nomenclature,  that  we 
should  denominate  those  minerals  which  do  not  exhibit  either  among 
their  actual  component  parts  or  from  the  conditions  of  their  aggre- 
gation any  marks  of  organic  existence,  ^elementary  tripoli,'  'ele- 
mentary limestone,'  <  elementary  pumice,'  &&,  or  together,  ^SifescAt- 
olite  (elementary  rock),  in  contradistinction  to  the  other  group, 
which  we  may  designate  Biolite  (organic  rock). 

True  BioUtesy  however,  are  not  those  rocks  and  formations  which 
simply  contain  fossils,  but  those  which  are  deduced  from  and  con- 
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sist  of  agglomerations  of  organic  bodies  either  absolutely  or  essen- 
tially, and  which  merely  contain  inorganic  particles  here  and  there 
distributed  amongst  them.  By  this  name  however  we  may  correctly 
designate  infusorial  polishing  slate,  tripoli,  the  whole  mass  of  polytha- 
lamial  chalic,  coal,  &c.  Fossil  shells,  corals  and  bones  are  sometimes 
indeed  so  far  components  of  rocks  as  to  form  entire  masses,  but  they 
are  generally  extraneous,  although  often  characteristic  contents. 

On  the  other  hand,  the  true  well-defined  elementary  rocks 
(^StcBchiolites)  are  tho»e  which  have  no  essential  and  original  rela- 
tion with  organic  existence,  and  only  occasionally  and  accidentally 
contain  fossil  organic  bodies. 

For  those  rocks  of  organic  origin  which  have  not  been  subse- 
quently modified  by  volcanic  agency  it  would  be  both  convenient 
and  definite  to  employ  the  more  special  name  Hydrobiolitey  while 
those,  on  the  other  hand,  which  have  been  so  altered,  we  might  call 
PyrMolitey  or  pyrobiolitic  rock,  earthy  or  formalum.  And  if  it 
should  seem  that  a  still  further  subdivision  would  be  useful,  we 
might  describe  such  rocks  as  the  paper-coal  (dysodil),  the  Bilin 
polishing  slate,  mammillated  slate,  and  other  freshwater  substances  of 
thU  kind,  HydrozoolitCy  while  coal,  &c.  might  be  called  Hydrophy- 
tolite.  So  on  the  other  hand  we  might  designate  white  chalk  and 
the  Sicilian  marly  chalk,  as  well  as  the  Virginian  infusorial  marl, 
Halizoolite  (from  its  relation  to  marine  organic  life). 

It  is  to  be  hoped  that  after  this  manner  the  relations  of  rocks  to 
their  organic  and  inorganic  elements  may  find  a  more  ready  and 
general  expression,  and  that  investigations  which  are  not  to  the  pur- 
pose, and  collision  with  existing  theories  so  far  as  they  relate  merely 
to  forms  of  expression,  may  be  avoided,  and  the  principles  involved 
be  soon  distinctly  recognised. 

D.  T.  A. 


2.  On  a  capillary  condition  of  Obsidian  from  the  Island  of 
OwHYHEE  (Hawaii).    By  Professor  N6ggerath. 

[From  Leonbard  and  Bronn's  *  Jahrbuch/  volume  for  1846,  p.  23.] 

At  the  meeting  of  the  German  naturalists  and  physicians  held  at 
Nuremberg  in  1845,  I  received  from  Dr.  Focke  of  Bremen  a  small 
box  marked  '  Thread-like  Obsidian,'  with  a  request  that  1  would  bring 
the  subject  before  the  Mineralogical  Section  during  the  meeting. 
The  substance  in  question  had  been  brought  in  considerable  quan- 
tity from  Owhyhee  by  Captain  Wilken,  and  had  been  forwarded  by 
M.  Kind  from  Hamburg. 

The  box  contained  a  multitude  of  detached  delicate  needles  of 
obsidian,  confusedly  interspersed  amongst  minute  nuclei  of  the  same 
substance.  The  needles  or  capillary  fragments  were  of  olive-green 
colour  aud  transparent ;  they  were  for  the  most  part  about  -^  inch 
long  and  of  uniform  thickness,  resembling  human  hair  or  swine's 
bristles.     There  were  however  with  these,  others  not  so  regular  in 
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form,  these  latter  being  generally  terminated  with  a  pear-shaped 
knob,  like  what  one  sees  at  the  extremity  of  a  thread  of  glass  that 
ha»  been  melted.  In  this  state  the  knob  19  of  darker  colour  to- 
wards the  extremity,  and  quite  black  when  of  larger  size  than  usual, 
being  then  like  the  fragments  of  obsidian  found  detached  in  the  ge- 
neral mass.  Detached  threads  terminated  In  a  point,  and  many  of 
them  exhibited  distinctly  under  the  microscope  a  number  of  strie 
along  the  length  of  the  thread.  One  might  suppose  this  to  indicate 
crystalline  structure,  if  it  were  not  that  drawn  threads  of  glan 
exhibit  similar  striations ;  but  at  the  same  time  I  am  not  inchned 
absolutely  to  deny  the  crystalline  origin  of  the  specimens  in  question, 
though  it  seems  to  me  more  probable  that  they  have  resulted  from 
certain  cofiditions  of  cooling  after  the  mass  has  undergone  fusion. 

This  singular  condition  of  obsidian  is  not  however  without  par- 
allel. Von  Bom,  in  the  *  Catalogue  des  Fossiles  de  la  Collectioo  de 
Madrn"*  E.  de  Raab'  (Vienna,  1790,  i.  4-54),  speaks  of  ^  a  volcanic 
glass  in  detached  filaments,  capillary,  vitreous  and  of  green  coloor, 
from  the  Isle  of  Bourbon."  These  vitreous  and  flexible  filaments 
were  thrown  out  during  the  eruption  of  14th  of  May  1766-  Hans- 
mann  also  (Jahrb.  1837,  p.  500)  describes  a  similar  product  from 
the  same  island,  using  an  ingenious  analogy  in  illustration.  He  says, 
*'  An  ay)pearaiice  consisting  of  a  very  loosely  compacted  confused 
mass  of  extremely  delicate  glass  threads  is  sometimes  seen  in  glsssy 
slag,  and  has  a  similar  origin  to  the  so-called  spun  glass.  It  is 
sometimes  formed  in  the  hearth  of  a  blast-furnace,  where  the  oppo- 
sing currents  of  wind  form  and  retain  for  a  long  time  a  number  of 
balls  of  slag  in  the  hearth.  Sometimes  a  somewhat  similar  result  b 
produced  during  a  volcanic  eruption,  as  happened  in  the  island  of 
Bourbon  in  the  year  1821,  when  there  fell  a  shower  of  exceedingly 
fine  volcanic  ashes  oonsisting  of  delicate  glass  threads." 

I  am  informed  by  Profesa^or  Wiebel  of  Hamburg,  that  Captain 
Wilken  had  also  brought  from  Owhyhee  numerous  specimens  of 
obsidian,  the  broad  crevices  of  which  were  filled  up  with  a  similar 
confused  heap  of  particles;  a  fact  which  is  by  no  means  inconsistent 
with  the  explanation  offered  by  Hausmann,  since  gases  may  here 
have  performed  the  part  of  the  artificial  blasU 

1  have  thought  this  short  notice  worthy  of  being  communicated, 
since  volcanic  products  of  this  kind  must  always  be  rare ;  and  the 
analogous  phsenomena  from  Bourbon  are  not  knovm  to  me  by  per- 
sonal observation. 

D.  T.  A. 
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1.  PcUwozoic  Rocks  of  Armenia, 

M.  Abich,  Professor  at  the  University  of  Dorpat,  has  been  employed 
by  the  Government  of  Russia  to  make  geological  investigations  in 
the  Transcaucasian  districts.  He  has  lately  written  to  Colonel  Hel- 
mersen  that  he  has  found  on  the  northern  Banks  of  the  greater  Ara- 
rat, near  the  monastery  of  Corveral  and  in  the  valley  of  the  Aras, 
ancient  limestones  with  such  fossils  as  Spirifer  spedosusy  S,  ostio^ 
lotus,  S.  aperturatusy  Orthis,  Lingula,  CaUnipora  escharoides,  Cya» 
th&phyllum  fiexuosum,  Favoskes,  &c. ;  and  it  appears  that  these  beds 
extend  for  a  considerable  distance  to  the  east  and  north-east  of 
Ararat. 

This  discovery  is  the  more  interesting,  since  the  very  existence  of 
the  palaeozoic  series  in  these  regions  was  before  quite  unknown,  and 
the  whole  tract  was  supposed  to  be  completely  covered  up  by  de- 
posits of  far  more  modem  date.  While  waiting  for  the  expression 
of  M.  Abich*s  opinion  on  the  relations  of  this  great  spread  of  palaso- 
zoic  rocks,  may  we  not  suspect  that  they  are  connected  with  those 
Silurian  deposits  exhibited  on  the  flanks  of  the  eastern  extremity  of 
the  Balkan  range,  and  constituting  a  portion  of  the  Thracian  Bos- 
phorus? — BuU.  de  la  Soc,  G^oL  de  France,  2nd  Ser.,  voL  iii.  p.  138. 


II.   PalcBOzoic  Rocks  of  Siberia. 

In  a  letter  from  M.  L.  Zeitzner,  read  before  the  French  Geological 
Society,  and  dated  the  30th  of  June  1844,  we  find  the  following 
announcement : — 

I  have  the  honour  of  forwarding  a  short  notice  on  the  fossils  of 
the  chain  of  Stanowa  Hrebeta,  near  Baikal  in  Siberia,  brought  by 
M.  Mitkiewcz.  The  rock  containing  the  fossils  is  quartzose,  and  of 
a  greenish  colour;  it  has  a  marked  resemblance  to  the  grauwackes 
of  the  Rhine,  and  the  fossils  are  distinctly  palaeozoic  species.  I  have 
determined  the  following : — 

1.  Gorgonia  retiformis,  De  Kon.,  An.  Foss.  de  Belg.  pL  A.  fig.  2. 
The  minute  branches  are  marked  by  longitudinal  apd  transverse 
striae. 

2.  Terebrattda  prisca,  Schloth.  There  are  bifurcating  ribs  along 
the  whole  length  of  the  valves. 

3.  Caiynietie  macrophtlialma,  Rrongn.  The  specimens  are  all 
curved,  and  the  head  is  covered  with  little  tubercles. 
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One  cannot  determine  the  exact  division  of  the  pala^noic  series 
indicated  by  these  fossils,  because,  with  the  exceptioo  of  the  Gor- 
gouia  (a  Silurian  species  according  to  MM.  de  Vemeail  and  d*Ar- 
chiac),  they  are  met  with  in  deposits  of  different  dates. 

There  was  also  a  specimen  of  sandstone,  from  the  same  country, 
exhibited  markings  of  a  Neurapteris^  having  a  close  resemblance  to 
specimens  of  ferns  from  coal-measures. — SuUetin  de  ia  Soc  GeoL 
de  France,  2ud  Ser.,  voL  iii.  p.  62. 


III.  On  the  Chemical  Composition  of  CalcareouM  Corals. 

The  recent  analysis  of  the  solid  parts  of  several  species  of  reeeot 
Corals  has  exhibited  the  very  interesting  result,  that  the  2^pbjta 
wliich  form  these  stony  skeletons  secrete  a  very  important  proportion 
of  silica,  and  that  of  the  salts  the  fluates  greatly  exceed  in  amount 
the  carbonates.  The  following  examples  are  among  the  most  re- 
inarkable  in  this  respect,  and  may  serve  to  suggest  some  interesting 
investigations  with  regard  to  the  conditions  of  deposit,  and  the  na- 
ture of  fossil  corals  and  the  siliceous  minerals  (and  chiefly  common 
Hint)  found  so  frequently  associated  with  organic  secretions  from 
sea-water. 


PMitea&roM. 
Suidwich  lales. 

Madrepormiml. 
mata. 

AntillM. 

M.prolifam. 

AstnnOrioiL 

Silica  

92* 
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7-66 
7-83 

13-48 
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16 

18  30 
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7-5 
42 
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26-62 
8- 
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10-32 

15-57 

38-49 

7-5 

2-62 

0^25 

25  25 

30^1 
17-45 
2457 
0-85 
4-31 
0-32 
22-49 

Lime 

Magnesia 

Filiate  of  lime 

Fluate  of  magnesia 

Phosphate  of  magnesia 

Alumina  and  iron  

Oxide  of  iron 

10000 

lOOKK) 

lOOHK) 
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SUUinan's  Jourmdfor  May  1846. 


IV.  Discovery  of  spirally-doUed  or  scalariform  Ducts  and  other  Fe- 
getable  Tissues  in  the  Anthracite  ff  Pennsylvcmioy  C/.S. 

An  interesting  notice  on  this  subject  (illustrated  by  figures)  will  be 
found  in  the  5lay  number  of  Sillinian*s  Journal  for  this  year  (1846). 
The  author,  Professor  J.  W.  Bailey,  of  the  U.  S.  Military  Academy, 
examining  the  burnt  ashes  of  the  coal  from  a  common  fire,  found' 
many  of  the  masses  separable  into  laminae,  on  almost  all  of  which 
vegetable  structure  could  be  detected.  The  specimens  thus  obtained 
exhibit,  both  as  opake,  and  (when  properly  prepared  so  that  the 
carbonaceous  matter  is  removed)  as  transparent  ob^jects,  iudicatioDS 
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of  perfectly  preserved  dotted  vessels.  The  author  deduces  as  a  con- 
clusion, that  the  coal  must  have  been  composed  of  thin  layers  of 
vegetable  matter  scattered  in  a  confused  manner,  and  that  no  trunks 
of  trees,  or  any  considerable  portion  of  their  branches,  had  anything 
to  do  with  its  formation. — Sillimans  Joum,^  2nd  Ser.,  vol.  L  p.  407. 


V.  Remarks  an  Terebratula  diphya.     By  M.  d*Hombre 

FiRMAS. 

This  singular  form  of  Terebratula  occurs  in  the  neighbourhood  of 
Moscow  (?)  and  Warsaw,  in  the  Carpathians,  in  Switzerland,  near 
Verona  and  Belluno,  in  the  Departments  of  Les  Basses- Alpes,  Dr6me, 
Vaucluse  and  Ardeche,  and  near  Gigondas,  Baumes,  and  Berias  in 
the  Neocomian  series.  The  author  describes  six  specimens,  offering 
every  variety  of  form,  from  those  which  have  a  simple  continuous 
outline  to  others  in  which  there  is  a  perfect  aperture  through  the 
middle  of  the  shell,  and  all  of  these  varieties  are  either  derived 
from  differences  of  age,  or  are  such  modifications  as  can  only  be 
ranked  amongst  varieties  of  structure.  From  a  comparison  of  these 
and  a  multitude  of  other  specimens  in  different  cabinets,  he  comes 
to  the  conclusion  that  the  so-named  Concha  diphya^  Colonna,  Tere- 
hratula  cor,  Brug.,  T.  deltoidea^  Lamarck,  T,  iriquetra,  Park.,  T.  an- 
tinomiay  CatulU  and  T.  diphya.  Von  Buch,  form  but  one  species, 
and  cannot  be  divided  into  three  (T.  aniinamia,  T.  diphya  and 
T.  deltoidea)  as  recently  proposed  by  Catullo  (Osserv.  Geogn. 
ZooU  Padova,  184-0),  for  if  any  subdivision  is  made,  we  must  esta- 
blish at  least  ten  species.  M.  Firmas  also  considers  that  Terebra- 
iula  pilensy  Brug.,  and  T.  trianyuius,  Lamarck  (var.  T,  mutica^  Ca- 
tul.),  described  as  species  from  the  same  formation  as  the  former, 
are  really  only  rare  varieties  of  the  same.  They  appear  to  exist 
only  in  the  Veronese  and  Belluno  beds. — Leonhard  and  Bronns 
Jahrbuchfor  1846,  p.  117. 


VI.  On  the  Structure  of  the  Orthoceratite. 

At  a  meeting  of  the  French  Geological  Society  on  the  15th  of  De- 
cember 1845,  M.  Defrance  read  the  following  communication  with 
regard  to  the  Orthoceratite : — 

In  a  visit  which  I  recently  made  at  the  Chateau  of  Aux,  near 
Nantes,  I  observed  on  a  marble  table  the  shell  of  an  Orthoceratite 
of  unusual  size  and  in  remarkable  preservation.  Although  cut  slant- 
wise, it  was  still  more  than  a  yard  long,  and  nearly  an  inch  (*945 
inch)  across  in  its  middle  part.  In  the  portion  of  the  shell  pre- 
served there  were  seventy-four  simple  concave  chambers,  the  last  of 
which  was  something  more  than  a  foot  long ;  the  rest  were  traversed 
by  a  marginal  siphuncle  of  rather  large  size. 

On  the  same  table  there  was  a  portion  of  the  extremity  of  another 
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Orthoceratite,  showing  that  the  shell  terminated  in  a  point ;  and  if 
we  calculate  the  rate  of  diminution  from  the  part  preserved,  we  maT 
suppose  that  the  whole  shell  could  not  have  been  less  than  four  feet 
long, — dimensions  equad  to  those  of  the  specimen  seen  bj  M.  von 
Buch  at  Romberg. 

The  shell  itself  being  exceedingly  thin,  and  yet  of  so  great  t 
length,  it  must  have  been  internal,  since  it  is  not  possible  to  imagine 
bow  it  could  in  any  other  way  have  been  preserved  uninjured :  sur- 
rounding the  shell,  and  in  the  direction  of  its  length,  indications  of 
the  enveloping  substances  may  be  traced. 

This  shell,  not  having  been  cut  along  the  middle,  must  hare 
been  somewhat  larger  than  the  size  recorded,  and  the  last  chamber 
was  probably  at  least  an  inch  in  diameter. 

These  shells  seem  to  have  many  points  in  common  with  Baculiln, 
from  which  they  differ  in  the  complex  intersection  of  the  septa  with 
the  shell  in  the  latter,  while  in  the  Ortboceratite  this  intersection  is 
simple. 

It  is  thought  by  MM.  de  Vemeuil  and  March ison,  who  have  seen 
this  specimen,  that  the  whole  length  of  the  shell  would  exceed  six 
feet.     It  is  probable  that  the  fossil  in  question  is  from  Oeland. 


ERRATA. 

Page  227,  line  31,  for  39  read  68. 
--    228,—    9t  for  **b  and  d**  read  Strata  No.  2  to  6. 

—  230,  —  38,  for  lamgata  read  kevigattu, 

—  231,  —    1,  for^roi^i  read  dwUum. 

—  „     ~    2,  for  150  read  about  120. 

—  „     —    7,  for  150  read  70. 

—  „     —  33,  for  No.  60  read  "  57  to  61." 

—  232,  ^  12,  for  69  read  67. 

—  234,  —    3,  cancel  **  Hampthire  batm"  over  the  5th  column  of  diagram, 

and  extend  over  it  the  heading  of  the  4th  column,  viz.  "  divi- 
turn  qf  Owner,  Sfe" 

—  „     —    8,  for  laeuttrme  read  laeuttre, 

—  236,  —    2,  for  group  read  dhiwm, 

—  „     —  1  and  11,  for  c  read  No,  3. 
— -    239,  —  48,  omit  but, 

—  243,  —    9,  for /Aer^ortf  read /?ro^a^fy. 

—  246,  —  36,  after  **fbUowing"  insert  wMch  apeeiet,  and  aho  the  greater  part 

qfthote  in  the  above  Hit,  are  from  the  strata  No.  56  /o  61  qf 
Headon  HiU  and  CohoeU  Bag, 

—  247,  —    9,  insert  ?  before  L. 

—  „     —  13,  place  M.  bueeinoidea  under  M.  annularioide$,  and  not  in  the  same 

line  with  it. 

—  255,  —  29,  omit  north,  and  for  tide  read  and. 


CORRIGENDUM. 

In  the  last  number  of  the  Journal  (Proceedings,  p.  69),  in  the  abstract  of  a 
paper  by  the  Rev.  D.  Williams,  it  is  stated  that  "  the  soft  and  rotten  condition  of 
the  Syenite  has  no  doubt  obtained  for  it  the  name  of  pottle  stone,  by  which  it  is 
locally  known,  since  it  was  formerly  wrought  for  skins  and  other  culinary  vessels." 
This  does  not  give  a  proper  view  of  the  author's  meaning.  He  intended  only  to 
infer  from  the  name  of '  pottle  stone'  locally  applied  to  the  rock  in  question,  which 
is  a  free-working  talcose  or  steatitic  Syenite,  that  it  might  have  been  formerly 
worked  for  culinary  purposes. 


TRANSLATIONS  AND  NOTICES 


GEOLOGICAL  MEMOIRS. 


1.  General  View  ofUie  PilLiEozoic  Fauna  q/*  Russia. 

[The  following  general  view  of  the  Palaeozoic  fauna  of  Russia  forms  the  Intro- 
duction to  the  second  volume  (in  French)  of  the  work  on  Russia  lately  published 
by  Sir  R.  Murchison,  M.  E.  de  Verneuil,  and  M.  von  Keyserling. 

In  addition  to  that  geological  view  of  a  group  of  fossils  by  which 
we  are  enabled  to  acquire  a  general  idea  of  the  inhabitants  of  the 
globe  during  various  epochs,  it  is  important  also  that  we  should  con- 
sider the  different  groups  zoologically,  and  determine  as  far  as  pos- 
sible their  extension  in  time  and  space.  It  is  the  object  of  the  fol- 
lowing essay  to  perform  this  task  so  far  as  Russia  is  concerned,  and 
by  passing  in  review  the  various  species  of  organic  remains  obtained 
in  this  one  district,  and  comparing  them  with  the  fossils  of  other 
countries,  we  shall  endeavour  to  deduce  certain  facts  concerning 
the  distribution  of  organic  life  at  a  particular  period,  and  obtain 
general  results  with  regard  to  the  introduction  and  extinction  of  the 
various  species.  We  propose  to  run  through  the  whole  scale  of 
animated  nature,  from  the  lowest  to  the  highest — to  distinguish  those 
peculiar  to  Russia,  to  mention  those  which  on  the  other  hand  are 
not  so  limited  but  are  common  also  to  other  countries,  and  lastly,  to 
allude  to  those  which  predominate  in  a  particular  part  of  the  series 
in  various  parts  of  the  world.  Taking  also  each  species  at  its  first 
introduction  into  Russia,  we  shall  carefully  note  whether  it  had  pre- 
viously existed  in  other  countries  under  such  conditions  that  it  might 
have  been  transported  by  marine  currents  from  one  place  to  the 
other,  or  whether,  on  the  contrary,  it  appeared  for  the  first  time 
almost  contemporaneously  over  the  whole  of  Europe  and  became 
extinct  in  a  similar  manner. 

Genera  incerUB  sedis. — It  need  not  excite  surprise,  that  among  the 
fossils  of  the  most  ancient  date  there  should  exist  some  which  are  so 
different  from  organic  forms  now  living  that  we  can  hardly  deter- 
mine to  what  class  they  must  be  referred.    Amongst  such  fossils 
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are  the  Grapiolites  and  the  TerUacuIiies.  The  former,  whkh  leem 
most  nearly  allied  to  Virgularia  or  Sertularia*^  have  been  kDGm 
ever  since  the  time  of  Linnseus,  and  the  number  of  Bpedes  has  bees 
increased  to  thirteen,  although,  as  it  seems  to  us,  without  due  cob- 
sideration  in  some  cases. 

These  species  are  distributed  throughout  the  rocks  of  the  Silurian 
system,  though  chiefly  in  the  lower  members.  Whatever  may  be 
the  ultimate  decision  with  regard  to  the  actual  zoological  rdations 
of  these  animals,  their  geological  place  at  least  is  well-determined, 
since  they  rarely  pass  out  of  the  Silurian  series  of  rocks,  and  in 
Russia  as  in  Sweden  they  characterize  its  lower  beds.  In  Esthonia 
the  schists  which  contain  them  are  superposed  directly  on  the  OMm 
clay,  and  may  be  regarded  as  the  equivalents  of  the  aluminous  schists 
of  Sweden. 

(iraptolites  are  presented  under  two  well-marked  forms,  those  ser- 
rated on  only  one  side,  and  those  on  which  the  two  sides  are  thus 
marked.  Both  of  these  appear  to  exist  in  Russia,  since  although 
we  have  only  met  with  G.  Sagittarius^  which  we  consider  the  repre- 
sentative of  G.ludensis,  M.  Eichwald  has  described  a  species  under 
the  name  of  G.  distichus  which  belongs  to  the  latter  group.  These 
bodies,  tolerably  plentiful  in  Bohemia,  in  the  island  of  Sardinia,  in  the 
Pyrenees!,  in  Brittany  and  Normandy,  and  in  England,  extend  alio 
to  the  opposite  coast  of  the  Atlantic,  where  Messrs.  J.  Hall  and 
Emmons  have  described  two  species. 

Having  as  wide  an  extension  as  the  Graptolites  among  Siluriao 
rocks,  the  Tetitaculites  are  however  not  limited  to  that  group,  one 
or  two  of  the  ten  (?)  species  which  have  been  mentioned  by  various 
authors  extending  into  the  Devonian  rocks  of  the  Eifcl.  \Ve  htTC 
also  a  Russian  species  in  the  Silurian  limestooet  of  Podolia,  aod  ao* 
other  in  the  Devonian  beds  of  Voroneje ;  but  these  fossils  do  not  de- 
scend into  the  lowest  beds  of  the  Silurian  system.  They  sre  widely 
H|)rettd  over  the  earth's  surface,  and  are  met  with  in  the  Stloritn 
rocks  of  the  United  States. 

Corals, — Of  t\\e»e  animal  remains  J  two  species  are  particolarij 
abundant,  the  Cha:tet€s  PttropoHtanun  in  the  lower  part  of  the  Si- 
lurian system,  and  C,  radians  in  the  carboniferous  rocks.  Of  theM 
the  first  occurs  in  Sweden  and  in  England,  in  the  same  position,  and 
the  second  is  found  in  England,  in  the  carboniferous  limestone  near 
Bristol,  but  is  there  much  less  common  than  in  Russia,  where  it 

*  Recently  discovered  near  S.  Deal  by  M.  Boubee  (Bui.  ds  la  So&  OcoL  di 
France,  2ad  Ser.,  vol.  ii.). 

t  Judging  from  some  specimens  of  Graptolites  which  appear  to  poaseas  nioti, 
and  into  the  composition  of  which  carbon  enters,  Mr.  Vanaxem  considers  these 
bodies  as  belonging  to  the  vegetable  kingdom.  MTc  have  also  onrseWes  beet 
frequently  struck  by  the  carbonaceous  appearance  presentod  \xj  conain  indifi* 
duals. 

X  The  Russian  Corals  have  been  described  by  Mr.  Lonsdale,  who  bad  only  be- 
fore him  the  imperfect  specimens  obtained  by  the  authors,  and  who  unfortooitelT 
had  not  been  able  to  avail  himself  of  the  fine  collections  at  St.  PetenbuTK  The 
pt^ent  notice  is  confined  to  some  general  ikcta  which  ttmok  Xhm  sothon  dviac 
the  course  of  their  travels. 


DE  VERKEUIL  AND  D*ARCHIAC  ON  RUSSIAN  PALiEOZOIC  FOSSILS.   99 

forms  considerable  banks.  The  Syringopora  {Harmodites  of  Fischer), 
chietly  represented  by  the  two  species  #S^.  parallela  and  S,  distanM^ 
is  in  that  form  characteristic  of  the  mountain  limestone,  and  widely 
spread.  Catenipora  on  the  other  hand,  in  Russia  as  elsewhere,  is 
confined  to  the  Silurian  rocks,  and  is  there  unknown  in  the  lowest 
beds,  but  appears  towards  the  termination  of  the  lower  series,  and 
is  especially  abundant  in  the  upper  part  of  the  system.  The  genus 
Fenestelia  is  common  in  the  carboniferous  and  Permian  systems, 
and  in  the  Ural  furnishes  a  useful  means  of  distinguishing  the  car- 
boniferous from  the  lower  limestones,  which  are  often  entirely  made 
up  of  SiromcUapora  concetUrica  and  Favosites  alveolaris  and  F  po^ 
fymorpha.  It  is  worthy  of  remark,  that  in  the  Ural  Mountains  the 
Devonian  system,  there  developed  in  massive  limestones,  contains  a 
number  of  corals,  but  in  the  plains  these  fossils  are  rare;  and  it  is 
only  in  the  middle  of  the  country  and  on  the  banks  of  the  Don  near 
Voroneje  that  a  few  species,  as  Atdopora  serpens^  Favosites  spongitesy 
&c.,  are  found.  The  genus  Lithostrotion  is  represented  by  four 
species,  viz.  //.  emardatum,  L.  mammillare,  L.  astroides  and  L.flori^ 
forme,  and  is  met  with  throughout  in  the  carboniferous  limestone. 

Infusoria  and Foraminifera. — Although,  if  we  may  judge  by  their 
simplicity  of  organization,  it  is  most  probable  that  these  animals 
existed  from  the  very  first  introduction  of  organic  life,  the  altered 
condition  of  the  ancient  rocks  in  most  parts  of  the  world  has  hitherto 
prevented  remains  of  this  kind  from  being  discovered.  No  such 
obstacle  however  is  met  with  in  Russia,  where  the  carboniferous 
limestones  are  still  in  their  original  condition,  and  thus  they  have 
already  furnished  several  species  to  naturalists  who  have  examined 
them  under  the  microscope.  In  the  silex  disseminated  through  the 
limestones,  and  in  the  limestones  themselves,  M.  Ehrenberg  has 
discovered  most  of  these  minute  animals,  and  he  has  already  ena« 
merated  seven  or  eight  species,  one  of  which,  Borelis  sphcsroidea^ 
appears  to  differ  but  little  from  a  recent  Italian  species.  Such  mi- 
nute fossils  however,  so  difficult  to  perceive  and  determine,  are  far 
less  useful  in  practice  than  the  Fusulina  cylindrical  a  Foraminife- 
.  rous  shell  common  in  the  upper  carboniferous  limestone,  and  espe- 
cially characteristic  of  this  part  of  the  formation  on  the  Dwina,  the 
Volga,  the  Kliasma  and  the  Donetz,  and  in  the  Ural. 

JRadiata. — Various  plates  and  spines  found  in  the  carboniferous 
limestone  have  till  lately  been  referred  to  the  genus  Cidaris;  and 
it  is  rather  singular  that  Mr.  M'Coy  and  M.  Agassiz  should  have 
been  the  first  to  observe  that  these  plates  being  hexagonal  could  not 
have  belonged  to  Cidaris,  since  in  that  genus  the  ambulacral  and 
inter-ambulacral  spaces  are  only  composed  of  two  ranges  of  penta- 
gonal pieces.  From  the  form  of  the  plates,  it  is  evident  that  the 
animal  of  these  carboniferous  fossib  was  provided  with  several  rows 
of  inter-ambulacrul  pieces,  and  differed  from  Cidaris  in  the  same 
manner  as  the  palaeozoic  Echinoderms,  called  by  Dr.  Scouler  Pa* 
iachintis,  differ  from  the  Echinus  of  a  newer  period  or  of  the  exist- 
ing seas.  Although  in  Russia  we  have  not  found  plates  in  which 
the  form  has  been  well-preserved,  we  do  not  doubt  that  Cidarii 
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romemSt  to  widely  spremd  in  the  cmrboniferous  system  of  thst  coon* 
try,  raJly  belongs  to  the  genus  ArekMhcidaris^  M^Coy  {Eekimh 
crimmMy  Ag.),  which  indeed  sppesn  to  be  limited  to  this  part  of  the 
psheoioic  series  in  Europe. 

The  Crinoides,  generslly  so  rich  in  varieties  of  form  in  the  pa- 
leozoic rocks,  are  limited  in  Russia,  so  far  as  regards  the  thiee 
upper  portions  of  the  series,  to  detached  fragments  of  the  stem  or 
arms,  of  which  the  species  is  rarely  determinable.  The  only  perfect 
head  that  we  have  met  with  is  a  specimen  of  ChqtreswocriMitet  mia- 
fonmis^  Fisch^  from  the  carboniferous  limestone  of  Miatchkova. 

In  the  Lower  Silurian  rocks  of  St.  Petersburg,  and  on  the  shores 
of  the  Baltic,  we  obserre  a  curious  relation  among  the  spedmens, 
the  instances  of  the  perfect  heads  being  more  frequent  than  the 
occurrence  of  the  fragments  called  Entrochi ;  but  this  is  readily  ex* 
plained  by  the  fact,  that  most  of  the  Crinoids  of  this  epoch  belong 
to  genera  deprived  of  arms,  and  having  only  a  short  and  rudi- 
mentary stem.  It  is  to  these  genera  that  M.  von  Buch  lias  given 
the  name  Cjfwiidea^^  grouping  them  into  a  family  of  which  the 
principal  distinguishing  characters  are  the  absence  of  true  armsf 
and  the  presence  of  an  ovarial  orifice  on  the  side  of  the  cup.  This 
&mily  is  the  more  interesting  to  the  palaeontologist  since  it  seems 
to  have  preceded  the  other  Crinoidea  in  order  of  time,  and  presents, 
as  it  were,  the  primitive  form  of  animab  of  this  class,  since  most  of 
the  genera  of  which  it  is  composed  are  peculiar  to  the  lower  por- 
tion of  the  Silurian  system,  and  disappear  entirely  where  that  ter- 
minates. In  Russia  the  family  is  represented  by  the  genera,£ldltm>- 
^fJk4tri4es{Spk4troHi£es)^JBcAmO'mennUes^  HemicotmitesvjkA  Crypto- 
erinUes.  In  Sweden  it  is  limited  to  the  first  two,  in  England  to  the 
first  only  U  while  in  the  rest  of  Europe,  and  even  in  America,  it  is 
doubtful  whether  there  is  a  single  representative.  JSckinatpkarUes 
auramtium  is  one  of  the  most  common  of  the  Lower  Silurian  fossib 
both  in  Russia  and  in  Scandinavia.  E.  pomum  is,  however,  much 
more  rare,  and  E.  btUtkus  seems  peculiar  to  Russia.  The  species 
E.  iestdiaius^  of  which  the  true  nature  is  very  imperfectly  known, 
is  found  higher  in  the  series,  and  both  in  the  Ural  and  in  Devon- 
shire occurs  in  Devonian  rocks. 

In  glancing  over  the  general  list  of  paleozoic  fossil  Crinoids,  we 
find  the  genera  ActimocriniieSf  AsterocrimuSy  CyaihocrmUeSy  Euge- 

*  See  Qiurt.  GeoL  Joorn.  voL  iL  Put  2.  p.  20. 

t  The  very  delicate  tentacuU  which  M.  Volborth  has  recently  discovered  in  the 
genus  Eekmo-emermitet  (BulL  dc  la  Q.  Phys.  Math.  Sl  Petersb.,  voL  iu.  Ko.  6) 
are  placed  on  the  very  edge  of  the  orifice  of  the  mouth,  and  do  not  penetrate  the 
plates  as  the  arms  of  ordinary  Crinoidea  do.  It  also  appears  that  these  were  not 
provided  with  a  receptacle  intended  to  contain  eggs,  since  the  genus  Eckmo^tneri- 
wUet  (Syeoeyatitet,  v.  Buch)  has,  according  to  M.  von  Bach,  a  large  ovaiial  orifice. 
[The  authors  figure  a  specimen  of  CryptoermUei,  and  state  that  on  this  speci- 
men five  small  depressions  may  be  distinguished  round  the  mooth  which  a^iear 
to  have  been  poinU  Kii  attachment  of  simOar  tentacula.— Ed.] 

X  Eekmo^k€enie9  aurrnnikam  has  lately  been  discovered  by  the  ofllcos  of  the 
Geological  Survey  in  Pembrokeshire,  in  those  rocks  which  have  been  described  by 
one  ra^the  aothors  as  Lower  Silurian. 
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niacrinitesy  Platycrinites  and  Rhodocrinites^  quoted  by  M .  Eichwald 
as  occurring  either  in  Esthonia  or  the  Valdai  Hills.  The  identi- 
fications of  this  author  having  unfortunately  been  made  after  an  ex« 
aroination  of  fragments  only  of  the  stem,  cannot  be  received  with 
confidence,  especially  when  it  appeai-s  that,  contrary  to  what  hap- 
pens in  other  classes,  there  are  so  many  spgcies  common  to  two  or 
more  systems.  We  may  however  except  from  this  remark  the  beau- 
tiful head  figured  by  the  Duke  of  Leuchtenberg  under  the  name  of 
Apiocrinites  dipentas. 

Brachiopoda.^^O^  all  the  classes  of  animals  which  peopled  the 
palaeozoic  seus,  there  is  none  more  worthy  of  attention  than  the 
Brachiopoda,  and  none  is  more  generally  distributed.  In  whatever 
locality,  at  whatever  part  of  the  group  of  deposits,  or  whatever  be 
the  nature  of  the  rock  which  we  examine,  we  very  commonly  find 
that  there  is  little  beyond  the  remains  of  these  animals  to  guide  us 
in  our  geological  investigations.  In  a  collection  like  that  acquired 
by  ourselves  during  a  rapid  journey  and  under  circumstances  in 
which  the  proportionate  abundance  of  the  various  species  of  animal 
remains  is  not  disturbed  by  the  undue  preponderance  of  rare  and 
exceptional  species  almost  always  met  with  in  local  collections,  the 
Brachiopods  form  almost  half  the  whole  number, — a  decided  proof 
of  the  important  place  which  these  animals  occupied  among  the 
population  of  the  ancient  seas. 

The  causes  which  contribute  to  this  great  development  of  indivi- 
duals in  point  of  number  having  been  also  favourable  to  the  esta- 
blishment of  new  forms  derived  from  the  primitive  type,  a  rich 
variety  of  each  for.m  has  resulted,  constituting  a  number  of  genera 
peculiar  to  this  period.  Observations  are  ofiered  on  these  in  the 
body  of  the  work,  so  that  we  confine  our  present  remarks  within 
moderate  limits. 

The  total  number  of  species  of  Terebratuke  in  Russia  amounts  to 
forty-four,  according  to  our  own  actual  observations,  but  must  be 
extended  to  fifty-two  if  we  include  species  cited  by  other  authors. 
Considered  only  so  far  as  regards  the  Russian  empire,  these  species 
are  characteristic  of  the  various  formations  in  which  we  meet  with 
them,  except  T.  reticularis,  which  is  both  Silurian  and  Devonian, 
T.  elongata  carboniferous  and  Permian,  and  T.  concentrica*,  which 
passes  at  once  from  the  Devonian  rocks,  where  it  is  constant,  into 
the  rocks  of  the  Permian  age,  without  appearing  at  all  in  the  car- 
boniferous deposits  between  them.  If  however  we  take  into  account 
the  palaeozoic  rocks  of  other  parts  of  Europe,  we  find,  besides  the 
instances  above-quoted,  two  species  common  to  the  Silurian  and 

*  The  true  71  eoncenirica  has  been  met  with  in  four  localities  in  Russia,  bat 
one  from  the  Ural  (figured  by  the  authors,  pL  8.  fig.  10)  is  distinguished  by 
the  small  furrow  which  separates  the  ligament  of  the  ventral  valve.  In  the  De- 
vonian limestones  of  the  Asturias  in  Spain  there  exist  five  or  six  species  charac- 
terized by  this  same  furrow,  and  one  of  them,  absolutely  identical  with  the  Uralian 
species,  has  been  named  by  the  authors  T,  Pelapayanenti*  (Bui.  de  la  Soc.  Geol.  de 
Fr.,  2nd  Ser.  vol.  ii.  p.  448.  See  also  Quart.  GeoL  Joum.  vol.  ii.  Part  2.  p.  65, 
where  this  memoir  is  translated). 
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Devonian  syHtems  (  T.  aspera  and  T.  Wiisom)^  four  which  are  De> 
vonian  and  carboniferous  (  7^.  aoimtnoto,  T.  pvignug^  T.rhomhoidm 
and  T.  $a€9tdu9  *),  two  which  are  both  carbon  if eroos  and  Permnn 
(  T,  Roissii  and  T.  Schhiheimi),  and  two  others,  ( T.  canaht  and 
T.  elonffotaj)  which  app)ear  to  be  common  to  the  three  appermoit 
divisions  of  the  palseozyc  period. 

The  true  Terebratuiae  are  however  rare  in  the  Lower  SilariiB 
rocks,  and  most  of  the  species  that  have  been  quoted  from  such  de- 
po!<its  must  be  referred  either  to  Orthis  or  Spirifer,  The  ipedei 
peculiar  to  the  Silurian  system  are  represented  in  the  Ural  by  7*. 
reticularis,  T,  nuda,  T.  camelina  and  T.  subc€uneUna^  and  in  Litini- 
ania  and  Esthonia  by  T.  Duboisi^  T.  aprinis  and  T,  WtUonu  In 
the  Devonian  system  the  Terebratuiae  become  more  common,  aad 
one  group,  nowhere  hitherto  met  with  in  any  true  Silurian  depont, 
requires  especial  mention.  It  includes  those  Terebratuiae  covered 
with  concentric  lamellar  strise  which  never  present  a  deliidiumy 
and  of  which  the  rounded  apicial  aperture  is  placed  directly  on  the 
crochet  of  the  ventral  valve.  In  Russia  this  group  includes  T.  am- 
centrica,  T.  Helmersenii,  T.lameUosa^  T,  Roissii  and  T»pectmifen, 
two  of  the  species  belonging  to  the  Devonian  system,  fme  to  the 
carboniferous,  and  two  to  the  Permian ;  but  it  is  worthy  of  note, 
that  T,  Boissii,  confined  in  Russia  to  the  Permian  rocks,  is  foond  in 
Belgium  to  range  also  into  the  oldest  carboniferous  beds.  Amongst 
other  Devonian  species,  we  may  mention  T.  Meyendar/Hf  mMj 
spread  throughout  Russia,  T.  Livoniea,  and  perhaps  also  T.  Daki- 
densisy  which  M.  Romer  df«cribes  as  occurring  in  the  grauwaeke 
on  the  banks  of  the  Rhine ;  and  we  have  also  from  the  Ural  T.&ri- 
masptts,  T.  Strajeskiana  and  T.  mhlepida,  of  which  the  latter  has 
many  relations  with  T.  lepida  of  the  Eifel. 

Although  our  own  researches  have  proved  the  existence  of  about 
twelve  species  of  Terebratula  in  the  rocks  of  the  Russian  carbonife- 
rous system,  yet  these  species  are  generally  rare  and  limited  to  lo 
few  spots,  that  the  genus  on  the  whole  is  by  no  means  so  abundantly 
represented  by  individuals  as  in  the  districts  further  to  the  west 
The  s])ecies  T,  Schlotheimi  of  Sterlltamak  is  the  most  remarkable 
of  the  whole  number,  as  well  by  its  internal  structure,  in  which  it 
resembles  Pentamems,  as  from  the  fact  of  its  occurrence  as  a  car- 
boniferous fossil  in  Russia,  although  in  Germany  and  England  it  is 
confined  to  the  zechstein  and  magnesian  limestone.  If  we  consider 
the  whole  group  of  Terebratuiae,  we  shall  find  that  the  most  comrooa 
in  Russia  are  T,  reticularis,  T,  concentrica,  T.  ehnpata^  T.  Me^eth 
dorjii  and  T.  pleurodoti,  and  all  these,  with  one  exception,  are  widely 
distributed  in  distant  countries,  and  extend  abo  through  manr  suc- 
cessive deposits. 

In  Russia  we  only  know  of  one  species  of  Strigocmhalut  (^S.Bmr* 
tini),  which  occurs  in  limestones  supposed  to  be  of  Devonian  age  on 
the  banks  of  the  Sercbrianka  (Ural).     Such  is  not  the  case  witk 

*  We  somewhat  doubt  whether  these  four  species  are  reallv  met  with  in  the 
Devonian  rocks,  although  they  are  so  described  by  Mr.  Phillips  (PaL  Fos.  of  Con* 

wall,  &c,  pp.  87, 88,  91 ). 
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Peniameruif  which  occupied  an  important  place  among  the  palaeo- 
zoic foMiU  of  Russia,  but  the  species,  with  the  exception  of  a  small 
varietj  of  P.  galeatus,  are  all  Silurian.  Most  of  the  species  belong 
to  the  Ural,  but  one,  P,  borealis  (the  representative  of  P.  oblongtu 
of  Sweden,  Germany  and  America),  is  found  in  the  provinces  bor* 
dering  on  the  Baltic,  and,  like  its  analogue,  indicates  the  limit  be- 
tween the  lower  and  upper  stages  of  the  great  Silurian  deposit.  The 
Ural  species  are  almost  all  peculiar  to  that  locality ;  three  of  them 
(of  which  two  resemble  more  or  less  closely  P.  Kniffhiii)  are,  to- 
gether with  this  latter  species,  characteristic  of  the  Upper  Silurian 
rooks,  and  are  widely  spread,  some  of  them  in  the  northern  and  the 
rest  in  the  southern  part  of  the  chain ;  and  there  is  a  fourth  species, 
P.  galeatus,  which  is  less  common,  but  which  appears  both  in  the 
Silurian  and  Devonian  series  as  in  Western  Europe. 

With  regard  to  Spirifer,  there  are  no  less  than  thirty-six  species, 
nearly  a  fourth  part  of  the  whole  number  known,  if  to  these  we 
add  twelve  others  cited  by  other  authors,  and  four  which  are  doubt- 
ful, the  number  rises  to  fifty-one. 

The  species  S.  glaber  and  S,  hneatus  are  the  only  ones  which  we 
have  found  in  Russia  passing  from  one  system  to  another,  and  if 
others  should  be  hereafler  met  with,  we  may  be  pretty  confident 
beforehand  that  their  number  will  be  small.  It  is  only  toward  the 
close  of  the  Devonian  system  that  this  genus  begins  to  be  greatly 
developed,  and  the  lower  rocks  are  only  represented  in  Russia  by 
some  species  more  or  less  anomalous,  such  as  S.  insularis,  which  is 
common  to  Norway  and  Russia,  and  also  by  the  group  of  EquirosircUa 
and  the  Biforaia.  S,  lynx,  which  belongs  to  the  latter  group,  is  one 
of  the  most  remarkable.  It  is  characteristic  of  the  lower  stage  of  the 
Silurian  system  on  this  side  of  the  Atlantic  as  well  as  on  the  other, 
where  it  is  widely  spread  through  the  states  of  Ohio,  Kentucky, 
Tennessee,  and  on  the  banks  of  the  St.  Lawrence.  The  Devonian 
species  are  characterized,  as  in  the  rest  of  Europe,  by  their  fine  and 
non-dichotomous  plications  {e,  g.  S.  Murchisonianus,  S.  Anossofi^ 
S,dU;unctus,  S.  Vemeuili,  S,  Olinkama,  S.Archiuci  and  S,tentacu^ 
lum),  and  some  of  them  extend  as  far  as  the  Altai  Mountains,  where 
M.  Tchihatcheff  has  found  S.  VertieuiU,  and  others  more  or  less 
analogous.  The  smooth  species  are  more  rare.  The  carboniferous 
system  affords  twelve  more  species,  but  of  most  of  them  the  develop* 
ment  is  local,  only  three  species,  S,  Mosguensisy  S.  incrassatus  and 
S. glaber,  being  found  in  several  places  and  abundantly;  and  of 
these  three  the  first-named  is  one  of  the  most  common  and  most 
characteristic  shells  of  Russia,  and  occurs  also  in  Belgium  and  at 
Cabrales  in  the  Asturias.  Following  the  law  of  progressive  decrease, 
the  Spirifers  are  thinly  scattered  through  the  Permian  rocks,  where 
they  are  only  represented  by  four  species  confined  to  a  small  num- 
ber of  localities. 

The  species  of  OrthU  also  observe  a  law  of  progressive  decrease 
in  their  vertical  distribution,  but,  unlike  the  Spirifer,  this  com- 
mences from  the  lower  members  of  the  Silurian  system,  where  they 
have  already  obtained  their  maximum  of  development.     The  neigh- 
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bourhood  of  St.  Petemburg  and  the  cliffk  of  Estbonia  are  oekbntcd 
fur  the  abuDilance  of  their  »pecies»  the  whole  number  of  whkk  in 
Ruft:(ia  amounts  to  twenty-three,  of  which  fourteen  are  Siluriu, 
three  Devonian,  one  Devonian  and  carbobiferous,  four  carbonife- 
rous,  and  one  Permian.  Thb  number  is  not  more  than  one-tfaini 
of  the  whole  number  of  species  quoted  by  various  authors,  but  nuj 
of  Uiosc  described  will  no  doubt  require  to  be  suppressed ;  it  forae 
about  two-thirds  of  the  species  distinctly  made  out.  The  small  spe» 
cies  with  simple  folds  are  as  usual  characteristic  of  the  more  aodeot 
beds;  those  found  in  the  carboniferous  and  Permian  rocks  are  larger, 
and  belong  to  our  division  Redo-siriaUBy  having  a  siugle  area,  and 
they  may  readily  be  distinguished  from  the  other  species  of  Ortbit 
usually  provided  with  a  double  area.  The  most  common  Roaaas 
species  are  O.  arachnoidea^  which  is  nearly  allied  to  O.peeten^  hot 
is  much  higlier  in  stratigraphical  position  ;  O.  caUfframmui  and  0. 
parvoj  which  either  have  representatives  or  are  actually  repeated  bj 
identical  species  in  Sweden  and  America ;  and  O.  resMpmaia,  wbid^ 
as  well  OS  the  variety  striiUula,  is  widely  extended  vertically  as  wefl 
as  horizontally,  passing  from  the  Devonian  into  the  carbonifenw 
system,  and  found  in  the  Altai  Mountains  and  in  the  Ural,  in  the 
pUuns  of  Russia  and  Poland,  in  Belgium,  in  England,  in  the  Atta- 
rias,  and  lastly,  on  the  other  side  of  the  Atlantic  in  North  AmeriOi 
where  it  has  been  mentioned  by  Mr.  J.  Hall  as  occurring  in  the 
state  of  New  York.  The  O.  crenistria  is  in  Russia  as  in  America 
a  Devonian  species,  while  in  England  it  ranks  as  carbonifcsrous. 

Lq)UB>ui,  considered,  not  as  synonymous  with  Prodmctiu,  but  as  a 
distinct  genus  resembling  Orthiij  from  which  it  is  distinguished  by 
the  concave  ventral  valve,  is  represented  in  Russia  by  fourteen  species 
out  of  the  twenty-four  or  twenty-five  at  present  known.  One  only 
of  these,  L,  OurcdtMis^  belongs  to  two  systems,  and  not  one  occurs 
so  high  as  the  carboniferous  series,  all  of  them  being  confined  to 
the  two  lower  divisions  of  the  palaeozoic  group.  The  decrease  ia 
the  case  of  these  two  is  so  marked  (falling  at  once  from  eleven  to 
four  species),  that  we  might  have  expected,  a  priori^  tlieir  earlv  ex- 
tinction. Among  the  most  interesting  species  we  may  mention  £. 
sericea,  which  occurs  not  only  in  Russia,  Sweden  and  England,  but 
also  on  the  Asiatic  shores  of  the  Thracian  Bosphorus  and  in  North 
America;  L.imbrejCt  which  Captain  Bayfield  has  found  in  Canada; 
and  lastly,  L.Dutretiiy  which  M.  Paillette  has  just  discovered  in  the 
schists  and  Devonian  limestones  of  the  Asturias.  The  apcicies  Z. 
depresaoy  which  in  Russia  is  exclusively  Silurian,  in  other  countries 
passes  into  the  Devonian  system,  and  following  the  law  that  those 
species  which  extend  through  different  systems  are  also  widely  dis- 
tributed in  space,  this  one  is  met  with  in  a  vast  number  of  locali- 
ties, and  has  become  one  of  the  most  common  fossib  of  the  double 
period. 

The  little  genus  Chonetes  *,  only  comprising  two  species  in  Ros- 

*  The  species  of  Chonetes  recently  discovered  in  America  by  Mr.  J.  Hall  prove, 
by  the  peraistence  of  the  chancten  which  we  have  assigned  to  this  genua,  how 
well<4btiiided  it  ia  in  nature. 
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sia,  would  hardly  deserve  meution,  were  it  not  that  one  of  theniy 
C.  sarcinulataf  is  as  common  in  the  carboniferous  limestone  of  Rus« 
sia  as  it  is  elsewhere  in  the  Silurian  rocks. 

The  ProduetuSi  with  which  one  species  of  Chonetes  (C.  sarcinU" 
lata)  has  been  long  confounded,  offers  in  Russia  a  variety  of  forms 
corresponding  to  the  vast  extension  in  that  country  of  the  carboni- 
ferous limestone,  in  which  this  genus  is  chiefly  developed.  Both 
before  and  after  the  carboniferous  period,  indeed,  it  seems  to  have 
existed  only  in  an  imperfect  and  languid  manner,  presenting  but 
three  species  in  each  of  the  two  neighbouring  systems,  Devonian 
and  Permian.  The  species  in  the  older  deposit  are  not  striated,  but 
are  covered  with  spines,  and  greatly  resemble  one  another,  being  in 
fact  conformable  to  the  single  type  of  the  genus  occurring  at  this 
period  elsewhere  in  Europe  and  in  America.  The  carboniferous 
system  in  Russia  contains  twenty 'two  species,  of  which  two  only  are 
new.  The  most  common  of  the  number  are  the  following:  P.stria* 
tusy  P.  giganteus,  P.  lobalusy  P,  punctattis,  P.  scatrictilus  and  P. 
sefHireticulatus  (antiquatus).  The  latter  of  these  species  abounds 
everywhere  and  deserves  special  remark,  for  distributed,  as  it  is,  as 
widely  in  Russia  as  elsewhere,  and  extending  from  Archangel  and 
Spitzbergen  as  far  as  Cabrales  in  Spain,  it  serves  better  than  any 
other  to  prove  how  different  the  physical  and  climatal  conditions  of 
the  earth  s  surface  must  have  been  at  the  time  it  flourished  from 
those  which  now  obtain. 

Those  Brachiopoda  which  have  no  true  hinges  appear  to  have 
been  represented  formerly  as  at  present  by  a  much  smaller  number 
of  species  than  the  group  just  alluded  to.  The  genus  Obolus  (Uh* 
gulitei\  whose  remains  are  so  widely  spread  in  the  neighbourhood 
of  8t  Petersburg  and  on  the  coasts  of  Esthonia,  seems  to  have  been 
replaced  both  in  England  and  in  America  by  small  species  of  Ztn- 
guUiy  to  which,  from  its  subcoriaceous  shell,  it  has  considerable  re- 
semblance. The  only  animals  hitherto  found  associated  with  these 
early  inhabitants  of  our  planet  are  two  small  Orbiculas,  which  by  the 
form  of  their  ventral  valve  are  quite  distinct  from  existing  species, 
and  resemble  closely  an  American  species,  O.  Lodensis,  The  Lin- 
gulas  appear  in  Russia  a  little  later,  and  in  the  chloritic  limestones 
which  rest  on  the  sandstone ;  but  there  arc  two  or  three  species,  one 
of  which,  discovered  by  M.  Eichwald  in  the  isle  of  Dago  and  near 
Hapsal,  is  remarkable  for  its  large  size.  These  shells  are  still  un- 
known in  the  carboniferous  system  of  Russia,  and  we  have  only  found 
one  small  species  in  the  Devonian  sandstones  of  Dorpat,  and  one 
other  still  smaller  in  the  Permian  limestones  of  Cleveline  between 
Sergiesk  and  Bougoulma.  With  regard  to  Crania,  the  genus  is 
generally  very  rare  in  the  palaeozoic  rocks,  and  for  this  reason  the 
species  found  near  St  Petersburg  deserves  mention.  Lastly,  to  con- 
clude the  review  of  this  group  of  Brachiopoda,  we  may  mention  the 
genus  Siphonotr^ta,  remarkable  for  the  position  of  the  apicial  open- 
ing, and  by  the  tube  which  proceeds  from  it.  It  has  only  hitherto 
been  found  in  the  environs  of  St.  Petersburg. 

AcqphcUa* — If  in  the  Brachiopoda  the  large  number  of  the  spe** 
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oiet  sometimes  induces  unoertaicity  in  the  determiDatioo  of  them, 
a  still  greater  difficulty,  and  one  of  a  different  kind,  is  presented, 
when  we  consider  the  remains  of  Acephala  in  the  paleozoio  rodrs; 
for  most  of  the  specimens  having  their  valves  either  closed  or  boned 
in  the  rock,  it  is  often  impossible  to  recognize  those  characters  on 
which  genera  are  usually  based,  such  as,  for  instance,  the  arrenge- 
ment  of  the  various  parts  of  the  hinge,  the  number  of  the  teeth,  the 
form  of  the  muscular  and  palleal  impression,  and  the  position  of  the 
ligament.  It  will  readily  be  seen  how  much  this  uncertainty  di- 
minishes the  value  of  these  fossils,  and  the  limited  use  we  are  able 
to  make  of  them  in  their  application  to  geology. 

The  TubieoUtriay  Pholadaria  and  Pttricolaria  are  certainly  absent 
in  Russia,  as  elsewhere,  in  the  paleozoic  rocks.  The  Soknaten 
are  only  represented  by  the  genus  Soiemyay  of  which  there  are 
two  species,  one  of  them  Permian  and  the  other  carboniferous;  and 
the  new  genus  Ailorigma,  of  the  same  family  as  Pholadomya,  also 
presents  two  species,  one  of  them,  A.  rnffularisy  resembling  A»  suU 
eaia  (^Sangmnolaria^  Phillips),  very  common  in  the  carboniferous 
system  both  in  Russia  and  England.  We  may  mention  here  also  a 
•mall  shell,  which  we  have  described  as  an  Osieotlesmtt^  though  not 
without  special  notice  of  the  singularity  of  a  genus  whose  develop- 
ment is  recent  commencing  so  low  in  the  series  of  beds.  The  two 
genera  Amphidesma  and  Edmondia  are  the  only  representatives  of 
the  family  Mactracea,  which  was  afterwards  to  take  so  much  more 
important  a  position  among  marine  animals  at  the  sea-bottom.  Ed- 
mondia unioniformis,  which  lived  during  the  carboniferous  epoch,  is 
eommon  to  England  and  Russia.  The  Cardiace€tf  now  met  with  iu 
the  sea  in  all  latitudes,  commenced  their  existence  at  the  earliest  pe» 
riod,  but  the  number  of  species  in  the  older  rocks  is  (kr  less  consider 
able  in  Russia  than  in  the  rest  of  Europe ;  and  the  genus  CartHumf 
which  alone  includes  fifly  palaBozoic  species,  is  there  represented  by 
only  five  or  six,  of  which  three  belong  to  the  division  Pleurorkyndnu, 
These  species  all  belong  to  the  carboniferous  system,  with  the  ex- 
ception of  (7.  striatum,  which  M.  Pander  states  he  has  found  in  the 
island  of  GBsel,  and  C*  palmaium,  which  we  have  observed  among 
Nova  Zembla  fossils.  We  abo  refer  to  this  latter  species  a  small 
shell  found  in  the  bituminous  schists  (Domanik^chists)  on  the 
banks  of  the  river  Uchta,  associated  with  Goniatites  resembling 
those  which  in  Westphalia  accompany  the  very  same  species.  The 
genus  Cardioia,  which  is  tolerably  abundant  in  England  and  Nor- 
mandy, and  extends  as  far  as  the  Fichtelgebtrge  and  the  environs  of 
Prague,  does  not  penetrate  into  Russia ;  but  this  is  not  the  case  with 
the  Cypricardia^  of  which  there  are  two  species,  one  of  which,  C. 
rhombea,  presents  no  modification  of  form,  whether  exhibited  in  the 
Silurian  rooks  of  the  Ural,  in  Belgium  or  in  England. 

Among  the  species  of  Nucula  and  Area  which  are  described,  and 
of  which  there  are  three  of  the  former  and  four  of  the  latter,  we 
may  mention  N.  Kazanensis  as  peculiar  to  the  Permian  beds,  and 
A,  Oreliana  to  the  Devonian  series.  In  the  latter  the  serial  teeth  are 
almost  entirely  effaced.    The  Nueulas  and  Arcs  fmrmed  with  the  Car- 
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diaoesB  the  groups  of  dimyarian  Acepbala  which  most  abound  in  the 
paleozoic  rocks,  taken  as  a  whole ;  and  reckoning  up  all  the  species 
described  by  various  authors,  we  find  the  number  of  the  first  (Nu* 
cula)  to  be  thirty -seven,  and  that  of  the  second  genus  (Area)  seven- 
teen, from  which  small  number  it  appears  that  the  physical  condi- 
tions in  Russia  could  not  have  been  very  favourable  for  their  de- 
velopment ;  when  however  we  remember  that  the  species  of  these 
genera  generally  have  a  local  and  very  circumscribed  development, 
it  will  not  seem  impossible  that  future  dbcoveries  may  raise  this 
number,  and  render  it  proportionably  as  great  as  that  which  cha- 
racterises other  countries. 

The  genus  Megalodon,  which  is  exclusively  Devonian,  is  repre- 
sented by  only  one  or  two  species  in  Russia.  Of  MyHhu  (including 
Modiola)  there  are,  on  the  other  hand,  six  species  recognized  by 
ourselves,  besides  two  that  have  been  named  by  M.  Eichwald,  and 
of  these  M.  Pcdlasi  is  the  most  widely  spread,  and  it  is  also  one  of 
the  most  characteristic  fossils  of  the  Permian  system.  The  Pinna 
hardly  seems  to  have  shown  itself  during  the  palseozoio  period,  but 
was  represented  by  two  species  smaller  than  those  of  our  own  times 
one  of  them  occurring  in  the  coal-shales  of  Lissitchia-Balka  (Do- 
netz),  while  the  other  is  met  with  in  the  English  mountain  lime- 
stone. 

Among  the  Acephala  monomyaria  only  two  genera,  Avictda  and 
Peeteny  seem  to  have  been  greatly  developed.  Of  the  first-named 
there  are  however  nine  or  ten  species,  of  which  six  are  peculiar  to 
Russia. 

Considered  in  regard  to  their  development  in  time,  the  Russian 
species  are  thus  distributed : — two  are  Devonian,  two  carboniferous, 
four  Permian,  and  two  occur  in  the  M uschelkalk  of  Mount  Bogdo. 
Among  the  latter  is  the  A.  Alberti  of  the  German  trias,  and  of  the 
whole  number  ouly  one.  A,  antigua,  offers  the  rare  example  of  a 
species  surviving  through  several  systems.  The  A.  Mubpapyraeea 
of  the  coal-shales  of  Lissitchia-Balka  greatly  reminds  one  of  A.  pa' 
pyracea  from  the  similar  deposits  in  England  and  Belgium,  and  A. 
KaaanensU  of  the  Permian  system  affords  a  striking  analogy  in  the 
great  inequality  of  its  valves  with  the  A,  gryphoidesy  which  lived  at 
the  same  time  in  the  English  seas.  Although  however  the  Aviculas 
are  very  rare  in  the  Silurian  system  in  Russia,  such  is  not  the  case 
in  North  America,  where  we  meet  with  upwards  of  fifteen  of  the 
twenty-two  species  found  in  the  deposits  of  this  age. 

Pecien  was  introduced  somewhat  later,  and  is  totally  unknown  in 
the  Silurian  rocks  of  Cfussia  as  elsewhere.  It  is  however  represented 
by  one  Devonian  species,  but  only  appears  abundantly  in  the  car- 
boniferous system,  where  we  can  already  enumerate  five  species. 
This  increase  is  analogous  to  that  which  has  been  found  to  take 
place  in  other  countries;  for,  in  Ireland,  Mr.Griflith  and  Mr.M^^Coy 
have  discovered  no  less  than  fifty-six  new  species  in  the  carbonife- 
rous limestone,  bringing  up  the  whole  number  of  palaeozoic  species 
of  Pectcn  to  seventy*. 

*  Ths  collections  from  Van  Diemen's  Lsad,  brought  by  M.  Leguillon  and  ds- 
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The  family  of  Ostracea:^  which  has  formed  so  important  a  put  of 
the  submarine  fauna  ever  since  the  commencement  of  the  secondary 
period,  was  only  previously  represented  in  Russia  by  a  very  un^ 
species  discovered  in  the  Permian  limestones  of  Itschaiki  Dear  Ar- 
zamas. 

Gasteropoda, — From  the  first  introduction  of  organic  life  npoo 
the  earth  down  to  the  present  time,  the  Gasteropods  have  followed 
a  law  of  constant  progression,  and  the  small  proportionate  nomber 
of  animals  of  this  c\9iss  in  the  ancient  seas  compared  with  the  im- 
portant place  they  occupy  in  the  existing  creation,  is  one  of  tbe 
characteristic  features  of  the  palseozoic  fauna.  Oapuius  or  Pik- 
cpsis,  and  the  genus  which  has  been  separated  from  this  groop 
under  the  name  Acroculioj  represented  in  the  palaeozoic  formatioos 
of  Europe  and  America  by  twenty-five  spcK^ie^  offers  but  two  spe- 
cies in  Russia,  one  of  which  only  is  known  to  the  authors.  Such  is 
not  the  case  with  Euomphalus,  a  genus  which,  owing  to  its  aban- 
dance  throughout  the  palaeozoic  seas,  may  be  considered  as  one  of 
the  most  important  types  among  the  Gasteropoda  of  that  period. 
We  have  found  seven  species  in  Russia,  and  including  those  men- 
tioned by  other  authors*,  the  whole  number  appears  to  amount  to 
sixteen,  nearly  one-thini  of  the  species  at  present  known.  Of 
our  seven  species,  one  occurs  in  each  of  the  two  lower  systems, 
and  the  remaining  five  are  carboniferous.  JS.  guaUeHatus^  the  Si- 
lurian species,  is  known  to  be  characteristic  of  the  lower  beds,  and 
is  found  not  only  in  Sweden  and  Norway  but  also  in  the  island  of 
Newfoundland  and  the  United  States  of  North  America.  The  De- 
vonian species,  E.  Voronefensis^  is  the  only  one  peculiar  to  Russia; 
and  of  the  carboniferous  species,  E.  pentangulatus^  E,  caJtUhuvA 
E.  (pqualis  were  distributed  at  that  time  throughout  the  greater  part 
of  the  European  ocean. 

In  singular  contrast  with  this  group,  we  find  JPieuroiamaria  af- 
fording in  Russia  a  mixture  of  known  forms  with  new  species,  and 
developed  to  a  smaller  extent  there  than  elsewhere  in  comparisoa 
with  the  Gasteropoda  in  general.  Thus,  whilst  the  general  palsozoic 
fauna  contains  sixty  species,  there  are  in  Russia  only  nine,  of  which 
number  wc  have  either  described  or  seen  seven.  Most  of  the  species 
are  carboniferous,  and  we  may  mention  amongst  them  jP.  Pcvnui,  a 
Belgian  species,  which  we  found  on  the  eastern  flanks  of  the  Und. 
On  the  eastern  flank  of  that  mountain-chain,  but  further  towards 
the  north  and  in  the  older  beds,  we  find  in  tolerable  abundance  a 
pretty  species  of  Murchisoniay  which  M.  von  Buch  has  identified  with 
3f,  cingulata.  R  usdian  species  of  Trochus  and' Turbo  have  been  men- 
tioned by  M.  Eichwald  as  occurring  in  the  Silurian  rocks  of  £stho< 
nia,  but  they  are  rare.  This  however  is  not  the  case  with  Mdania 
rugifera  (Loxonema,  Phil.,  Chemnitzioy  De  Kon.),  which  we  have 


posited  in  the  Paris  Museum,  show  how  widely  extended  is  this  [^ 

with  regard  to  the  development  of  Pecten  during  the  carboniferous  epoch.  In 
fsct,  we  find  the  spedei  of  Productus  snd  Spirifer,  as  weU  as  the  plants  collected 
by  this  naturalist  near  Hobart  Town,  all  indicating  deposits  of  the  carbonifefoai 
period,  and  amongst  these  fossils  are  associated  some  beaotiAil  spedet  of  PtdeB. 
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several  times  observed  in  the  carboniferous  limestone ;  and,  accord- 
ing to  M.  Eichwald,  this  shell  b  common  to  the  Devonian  and  car- 
boniferous systems  in  Russia  as  it  is  in  England.  According  to  the 
same  authority,  species  ofNatica  are  also  not  uncommon  in  Russia, 
chiefly  in  the  Silurian  beds  of  Esthonia,  but  we  have  only  met  with 
two  species  (both  carboniferous);  one  of  them,  N.  Mariis,  new,  and 
the  other,  iV.  Omcdiaria^  a  Belgian  shell.  It  is  very  doubtful  whe- 
ther auy  true  Buccinum  is  met  with  in  beds  of  the  paleeozoic  age, 
and  the  shells  which  have  been  so  named,  but  which  have  a  mouth 
very  differently  formed,  have  been  properly  separated  by  Mr.  Phil- 
lips under  the  name  Macrocheilus.  Amongst  these  are  B.  acutum 
and  B.  imbricatum,  which  we  have  observed  in  the  carboniferous 
limestone  of  the  Ural.  Those  mentioned  by  M.  Fischer  consist  of 
indeterminable  casts. 

The  Bellerophons,  so  widely  distributed  throughout  the  long  se- 
ries of  deposits  formed  during  the  three  older  divisions  of  the  palseo- 
zoic  period,  do  not  extend  into  the  uppermost  group,  nor  are  they 
met  with  in  any  newer  beds,  and  their  type,  now  entirely  lost,  is  so 
far  removed  from  any  existing  organic  form,  that  even  the  best 
zoologists  are  at  a  loss  to  what  place  amongst  animals  thev  should 
be  referred.  The  whole  number  of  species  known,  including  both 
Europe  and  America,  is  upwards  of  fifty,  and  increases  from  below 
upwards,  commencing  with  the  Silurian  rocks  and  terminating  with 
the  carboniferous — a  fact  which  i*enders  the  total  extinction  of  the 
group  after  the  coal-measures  the  more  striking.  The  old  rocks  of 
Russia,  following  the  general  law  of  the  distnbution  of  these  beings 
during  the  palaeozoic  period,  present  a  tolerably  large  number  of 
Bellerophons,  of  which  about  eight  or  ten  species  have  come  under 
our  own  observation ;  and  twelve  others  are  quoted  by  various  au- 
thors, several  of  them  however  only  established  on  the  evidence  of 
casts  somewhat  widely  spread  in  the  carboniferous  limestone.  The 
species  carefully  determined  are  B.  megalostoma  and  B,  ingricus  of 
the  Silurian  system,  B.  hiulcus  and  B.  decussatus  of  the  carbonife- 
rous limestone  of  the  Ural,  and  B.  Ouralicus  of  the  Silurian  rocks  of 
the  same  mountain-chain.  We  have  also  recognised  in  situ  frag- 
ments of  B.  biloUUitSi  B,  ghbatus  and  B.  striafus.  None  of  the 
Russian  species  pass  from  one  system  into  another,  and  we  are  in- 
clined to  suspect  that  in  other  parts  of  Europe  where  this  law  docs 
not  appear  to  hold,  and  where  some  species,  such  as  B,  uriiy  belong 
to  several  systems,  that  the  number  of  these  apparently  common 
species  will  diminish  as  the  subject  is  more  carefully  studied. 

Pteropoda. — The  Conularia^  a  genus  which  two  of  the  authors 
(MM.  de  Vemeuil  and  d'Archiac)  have  referred  to  the  Pteropoda, 
is  rarely  represented  in  Russia.  We  know  at  present  only  of  the 
small  species,  C.  Buchii  of  St.  Petersburg  and  C.  Sotverbit  of  Ka- 
menetz-Podokk,  which  we  have  ako  met  with  in  the  neighbourhood 
of  Christiania. 

Cephalopoda, — In  commencing  the  study  of  these  shells,  and  ob- 
serving their  development  during  the  period  we  are  considering,  we 
cannot  bat  take  notice  of  the  fact,  that  from  the  earliest  introduc* 
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tion  of  organic  bein^,  thoie  of  highest  organizatioa  and  iikoit  p«- 
fect  structure  in  the  claM  of  Mollusca  have  been  preeent,  and  tint 
throughout  the  long  duration  of  geological  periods  there  have  beei 
many  modificationt  of  fpecific  form,  but  no  advance  on  the  vhok. 
The  testaceous  Cephalopoda  were  even  much  more  abundant  tod 
more  varied  in  ancient  times  than  they  are  now,  and  most  of  tiM 
typical  forms  of  that  period  are  now  loat. 

The  Orthoceraiite,  which  preceded  the  Nautilus  and  Gooiatite, 
may  be  looked  upon  as  one  of  the  earliest  forms  assumed  for  tfe 
shell  of  these  animals,  since  we  find  indications  of  this  genus  asio- 
ciated  even  with  the  first  traces  of  life,  and  if  the  species  appcir 
less  varied  in  form  in  the  lower  beds  of  the  Silurian  system  than  is 
the  upper  deposits  this  difference  is  compensated  by  the  grvata 
profusion  of  individuals.     Thus  in  Russia  and  Scandinavia  the  ip^- 
cia<(  O.  d^iex  and  O.  roffinatus  fill  entire  beds  by  their  renaiiff, 
while  it  is  curious  enough  to  observe  that  the  genus  beeonm  twn 
in  the  Devonian  rocks  of  Russia,  differing  therefore  in  that  respeft 
from  the  rest  of  Europe.     In  fact,  except  O.  vermicmlarisj  resiark- 
able  for  the  bead-like  form  of  the  siphuncle,  the  Devonian  rocb 
only  present  one  species,  of  which  we  found  some  fragments  at 
Voroneje  and  to  the  north  of  Bielef.     The  whole  number  oi  Rusnn 
species,  according  to  our  determination,  is  only  eleven,  and  if  we 
aidd  those  quoted  by  other  authors,  it  amounts  to  twenty ;  the  distri- 
bution of  the  eleven  being,  five  Silurian,  one  Devonian  and  ^re  cs^ 
boniferous;  but  considering  that  on  the  whole  more  than  130  spe- 
cies of  this  genus  have  been  already  described,  it  is  probable  tlMt 
many  still  remain  to  be  discovered  in  Russia :  and,  in  fact,  besides 
the  five  Silurian  species  described  in  our  list,  we  have  also  frag- 
ments (from  the  neighbourhood  of  Reval)  less  distinctly  marked,  and 
bi'longing  to  two  other  species  with  transverse  rings,'one  of  which 
resembles  O.  tubicineUa^  Sow.     None  of  the  Russian  species  are 
common  to  two  formations  in  that  country,  but  two  of  the  Silnriaa 
species  described  by  us  appear  identical  with  Devonian  species  from 
the  Fichtelgebirgc,  although  this  apparent  identity  must  be  received 
with  some  hesitation,  because  Orthoccratites  aiSbrd  so  few  good 
specific  characters,  that  distinct  species  may  very  possibly  not  be 
determinable  from  the  exterior.     Of  our  five  carboniferous  spedes, 
two,  O.  ovalii  and  O.  caluMus,  are  from  the  Ural,  two,  O.  omw- 
iahts  und  O.  ornaius,  from  tlie  Valdai,  and  the  other,  O.  JFnarm, 
from  near  Moscow.     They  are  all  rare  and  limited  in  their  distri> 
bution.      The  genera  Melia  and  Sannioniie$  of  Fischer  are  only 
crushed   or  deformed  Orthoccratites,  and  the  UyoUteM  of  Eicbwaki 
is  nothing  more  than  the  interior  of  the  siphuncle  of  O.  M^tnotef. 
Like  the  Bellerophons,  the  Orthoccratites  do  not  extend  into  rocks 
of  the  Permian  age. 

I'he  genus  Gompkoceras,  proposed  for  those  short  Orthoeetatilei 
of  which  the  last  chamber  is  swelled  and  the  aperture  narrow  and 
contracted,  afibrds  two  species  in  Russia  and  one  in  Poland.  Of  the 
two  former,  one  is  Silurian  and  the  other  Devonian,  while  the  P6> 
lish  species  appean  to  be  identical  with  G.  ivbpifriforme  of  the  De* 
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vonian  limestones  of  the  banks  of  the  Rhine.  The  CyrtoeeratUei 
are  ahio  represented  by  three  species,  ail  of  them  new ;  one  of  the 
most  interesting  is  C.  Archiaei,  which  seems  to  have  a  beadoUke 
siphuncle  like  certain  Orthoceratites  of  the  group  of  Cochkati. 

Contemporaneous  with  the  Orthoceratites  in  their  first  introduc- 
tion, the  genus  LituiUs  was  still  more  limited  in  point  of  distribu- 
tion in  time,  and  its  existence  does  not  seem  to  extend  beyond  the 
Silurian  rocks.  The  four  species  that  we  have  seen  in  Russia  be- 
long to  the  lower  members  of  the  series,  three  of  them  occur  in  beds 
of  the  same  age  in  Scandinavia  and  England,  and  one  of  the  three, 
L*  comu<irieHSi  even  extends  as  far  as  America.  ^ 

The  genus  NaiUilus  is  less  ancient  than  Lituites,  and  with  the  ex« 
oepiion  of  two  species  in  the  isle  of  Odinsholm  mentioned  by  M. 
Eichwald,  no  species  appears  in  Russia  in  rocks  older  than  the  car* 
boniferous  period,  a  fact  however  which  is  little  in  accordance  with 
the  observations  made  in  other  countries.  The  species  thus  found 
are  also  for  the  most  part  of  small  dimensions,  and  affect  that  discoid 
flattened  form  with  a  large  umbilicus  and  open  whorls  which  re« 
markably  distinguishes  the  Palaeozoic  from  the  Secondary  species  of 
this  genus.  They  are  also  carinated,  or  provided  with  one  or  more 
ridges  on  the  back  of  the  shell, — another  mark  peculiar  to  the  Nau- 
tili of  this  period.  The  local  conditions  seem  to  have  been  little 
favourable  for  their  development  in  Russia,  for  not  only  is  the  num- 
ber of  species  so  limited  that  there  have  hitherto  been  only-six  de- 
scribed—less than  a  fourth  part  of  those  discovered  in  other  coun- 
tries— but  their  distribution  is  inconsiderable  and  altogether  locaL 
iV.  tmbercukUus  is  the  only  one  that  we  have  found  in  several  loca- 
lities, four  others  are  limited  to  the  Ural,  and  the  sixth  is  peculiar 
to  the  Donetz.  Of  our  six  species,  three  are  new,  and  three  known 
in  other  countries. 

The  genus  Clymeniuy  generally  characteristic  of  Devonian  lime- 
stones, is  altogether  absent  in  Russia,  but  according  to  M.  Eichwald, 
two  species  have  been  found  in  the  Silurian  beds  of  the  isle  of  Dago, 
and  one  in  that  of  Odinsholm.  We  have  however  some  doubt  with 
regard  to  this,  for  the  specimens  so  described  and  shown  to  us  by 
M.  Eichwald  do  not  exhibit  the  angular  septa  of  Clymenia,  and 
some  of  them  must  probably  be  re-united  to  Lituite  or  Nautilus. 
According  to  M.  Pusch,  one  of  the  most  common  of  the  Fichtelge- 
birge  species  occurs  at  Kielce  in  Poland. 

Considered  with  reference  to  the  period  of  their  introduction  and 
extinction,  the  Russian  GoniatUes  follow  the  usual  law  as  observed 
in  otiicr  parts  of  Europe,  being  extremely  rare  in  the  Silurian  rocki, 
where  they  have  only  been  observed  by  M.  Eichwald,  being  deve- 
loped in  the  Devonian  and  carboniferous  series,  and  then  disappear- 
ing. They  combine  with  a  rather  remarkable  local  development  a 
very  limited  distribution,  the  eighteen  species  which  have  been  de- 
termined being  derived  from  only  three  localities.  The  species 
from  Artinsk  are  the  most  interesting,  their  lobes  being  often  sub- 
divided in  a  manner,  the  form  of  which  reminds  us  of  tl^it  of  the 
lobes  of  Ceratites  and  Ammonites^  without  however  indicating  a 
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true  pasM|;e  *.  Three  of  the  Gooiaiites  from  Cossatchi  Daichv  W 
sides  G.  Jo$ub  from  Artinsk,  are  proved  by  the  Dumber  of  thek. 
lobes  to  belong  to  the  group  of  which  G,  Listen  may  be  considered  u 
the  type,  and  which  are  distinguished  from  G.ttriaiui,  G.qikt^iaii^ 
and  'G.cremistria  by  the  rounded  form  of  the  dorsal  and  lateral  sad* 
dies.  The  G,  cyclolcbusy  already  known  in  England,  presents  a  cha-; 
racier  altoeetlier  exceptional  in  the  deep  channeling  of  the  medb- 
dorsal  saddle. 

Tlie  Goniatites  of  the  Russian  carboniferous  rocks,  like  most 
species  of  the  same  period,  have  the  dorsal  lobe  divided  by  an  ac- 
cessory  saddle  more  or  less  elevated  f.  When  this  saddle  is  equally 
prominent  with  the  dorsal  saddle,  it  is  called  by  the  same  name,  and 
there  might  thus  be  established  a  true  passage  between  Goniatites 
in  which  the  dorsal  lobe  is  divided  and  those  in  which  it  is  simple. 
Several  of  the  Devonian  species  which  we  obtained  from  the  river 
Uchta  in  the  chain  of  the  Timan  Mountains  are  of  this  kind,  but 
others,  on  the  contrar)*,  have  the  accessory  or  medio-doraal  saddle 
buried  as  it  were  between  more  prominent  saddles  on  the  right  and 
leH  ;  and  these,  instead  of  being  true  dorsals,  as  in  the  carboniferous 
species,  are  thrown  upon  the  sides,  as,  for  instance,  is  seen  in  G,  in- 
tumescens  and  G.  carinatus  of  Bey  rich,  where  they  may  be  considered 
as  lateral  saddles.  Of  eighteen  species  of  Goniatites  which  we  have ' 
obtained  from  Russia,  eight  belong  to  the  bituminous  schists  (Do- 
manik-schists)  of  the  river  Uchta ;  and  of  these  eight,  four  are  new, 
and  four  identical  with  species  from  the  Fichtelgebirge,  the  Hartz, 
Brilon  in  Westphalia,  and  Oberscheld  in  Nassau.  The  carbonife- 
rous system  affords  nine  species,  two  of  which,  G.  diadema  and  G» 
q^t4ofebys,  occur  in  England  and  Belgium,  while  the  others  are  new. 
M.  Pusch  has  mentioned  three  species  from  Kielce  in  Poland. 

Annelkfes. — The  remains  of  animals  referred  to  this  class  would 
hardly  deserve  mention,  were  it  not  for  the  abundance  with  which 
one  species  {Strpyla  omphaloUs)  is  distributed  almost  throughout 
Russia  in  the  Devonian  rocks,  and  the  fact  that  this  species,  exclu- 
sively confined  to  the  beds  of  the  Devonian  period,  is  important  in 
distinguishing  those  beds  from  the  lower  ones.  This  species  is  not 
only  found  in  Livonia  and  in  the  governments  of  Novogorod  and 
St  Petersburg,  but  also  in  those  of  Orel  and  Voroneje,  and  it  ex- 
tends as  far  as  to  the  eastern  districts  of  the  government  of  Vologda 
and  towards  the  mountains  of  the  Timan  range,  where  the  Devonian 
deposits  have  undergone  no  change.  It  accompanies  in  many  oases 
the  remains  of  fishes,  and  disappears,  as  they  do,  in  the  Ural,  where 
the  Devonian  system  puts  on  a  peculiar  character. 

Crustaceans. — In  the  older  palaeozoic  deposits  the  Trilobiies  are 

*  However  striking  the  subdivision  of  the  lobes  may  seem  in  the  case  oi  these 
Artinsk  Goniatites,  these  species  are  not  less  distinct  from  Ceratites  by  their  ne- 
dio-dorsal  saddle  channeled  at  the  summit  than  they  are  from  the  Ammonites  bj 
their  lateral  saddles  always  simple  and  not  channeled. 

t  Amongst  all  the  carboniferous  species  found  in  Europe,  we  are  only  aware  of 
(r.  Hemlowi,  G,  ercAt/iiff,  (r.  §erpentmMi  and  G,  BehaUamu  which  have  the  donal 
lobe  simple. 
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almost  the  only  representative  of  the  class  of  Crustacea,  and  we  .can 
seaircely  even  recognise  a  trace  of  other  families.  In  Russia  the 
only  exceptions  are  Limulus  oculaim  from  the  copper  grits  of  Perm, 
JSurypienu  tetragonophthalmus  from  Podolia,  and  specimens  of  Cy^ 
tkerina,  of  which  we  have  noticed  several  species  in  the  Silurian, 
Devonian  and  Permian  systems.  The  whole  interest  with  regard  to 
the  group  is  therefore  concentrated  in  the  Trilobites,  animals  be- 
longing, as  is  well  known,  to  the  most  ancient  fauna  of  the  globe, 
and  presenting,  liice  the  genus  Orthist  this  remarkable  fact  in  the 
history  of  fossils,  namely,  that  we  are  not  able  to  discover  any  indi- 
cation of  their  advance  towards  the  state  of  perfect  and  full  deve- 
.  lopment.  From  the  very  earliest  period  they  seem  to  have  been  in 
full  vigour,  both  in  point  of  numbers  and  organization :  they  pre- 
served for  a  time  a  great  relative  importance,  they  then  became  less 
abundant,  and  ultimately  they  died  out  towards  the  termination  of 
that  part  of  the  palaeozoic  period  during  which  the  coal-measures 
were  deposited.  Owing  no  doubt  to  peculiar  local  conditions,  this 
diminution  is  more  rapid  in  Russia  than  in  countries  further  to  the 
west,  and,  in  fact,  after  having  attained  in  the  lower  part  of  the  Si- 
lurian system  a  development  resembling  that  which  they  seem  to 
have  enjoyed  during  the  same  period  in  Scandinavia  and  the  Briti^th 
Islands,  the  Trilobites  diminish  rapidly  in  the  Russian  Upper  Silurian 
rocks,  almost  entirely  disappear  in  the  Devonian  system,  and  only 
show  themselves  in  rocks  of  the  Carboniferous  epoch  under  the  pe- 
culiar forms  which  have  been  included  in  the  genus  Philiipsia. 

Amongst  the  genera  of  Trilobites  most  widely  spread  in  the  neigh- 
bourhood of  St.  Petersburg  and  on  the  shores  of  the  Baltic,  Asaphus 
and  lUcma  are  the  most  prominent,  and  of  these,  A.  expanstis  and 
/.  crcLSsicauda  are  the  species  most  frequently  met  with,  and  these 
are  especially  characteristic  of  the  lower  members  of  the  Silurian 
series.  The  vast  thickness  of  the  deposits  in  which  they  occur  ex- 
plains in  some  measure  the  wide  extension  of  these  species  over  the 
globe,  the  latter  species  (/.  crassicauda),  to  which  we  unite  Lper* 
ovcUiSt  being  found  not  only  fn  Russia  and  Scandinavia,  but  in 
England  and  Ireland,  in  Brittany,  and  even  as  far  as  Canada  and 
the  United  States  of  North  America ;  while  the  other  species  {A.  ex* 
pansus),  if  it  does  not  itself  extend  so  far,  still  appears  to  be  repre- 
sented in  Ireland  and  on  the  other  side  of  the  Atlantic  by  a  nearly 
allied  form,  A.  pkUycephalus.  Other  species  also,  as  A.  Buchii 
and  A.  (yrannusy  are  mentioned  as  occurring  in  the  environs  of  St 
Petersburg,  but  these  are  less  common,  and  are  associated  with 
three  new  species  discovered  by  the  Duke  of  Leuchtenberg. 

The  genus  Calymene  has  anly  afforded  to  our  researches  three 
species,  C^JFischeriy  C.  belkUula  and  C.  Odiniy  all  of  them  also  cha- 
racteristic of  the  contemporaneous  beds  of  Scandinavia,  and  of  these, 
C.  Fischeri  is  the  most  abundant  at  St.  Petersburg.  Besides  these, 
however,  M.  Eichwald  and  M.  Pander  have  also  mentioned  five 
others.  The  genus  Brontes^  of  which  the  species  oscillate  between 
the  base  of  tlie  Devonian  and  the  uppermost  beds  of  the  Silurian 
system,  is  only  represented  by  one  species,  B.flabellifery  found  near 
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Bogoslof^k  in  the  Ural.  Of  the  genus  PkacopSf  we  have  from  Rub- 
sia  only  the  P.  Dawtungia  {Cmymene  auct),  to  which  we  ought 
perhaps  to  restore  the  name  of  macrophihalma  given  by  M.  Bro&« 
gniart*.  This  species,  which  has  been  long  known  as  ocourriiig  ia 
the  Dudley  limestone,  is  common  to  both  divisions  of  the  Silmrian 
series.  In  addition  to  this,  P.  macrophikalma  of  authors  ( CafymmB 
liitifrotis  of  Bronn)  has  also  been  mentioned  as  amongst  the  fosiik 
from  near  St.  Petersburg ;  but  we  greatly  question  whether  this 
species,  common  to  the  Devonian  and  Silurian  series,  descends  into 
the  lower  members  of  the  latter,  although,  from  an  indifferent  speci* 
men  brought  by  M.  Tchihatcheff,  it  appears  to  eiist  in  the  AltaL 
Lastly,  amongst  the  SU  Petersburg  Trilobites  we  may  mention  Am* 
pyx  nasutus  and  three  species  of  the  genus  Melcpias^  established  by 
M.  Eichwald.  Two  of  these  are  well  known  in  Sweden  and  Ir^and 
under  the  names  Trilobites  sphcnicus  and  NutUUnia  kibemicKU 

While  most  of  the  Trilobites  whioh  generally  characterise  the 
Devonian  system  are  absent  in  Russia,  we  find  in  tolerable  abun- 
dance in  the  carboniferous  beds,  two  species  of  the  genus  Pkitiip' 
sicy  one  of  the  last  forms  under  which  the  family  of  Trilobites  pre- 
sented itself  before  its  final  extinction. 

It  will  appear  from  what  has  been  said  above^  that  most  of  the 
Russian  Trilobites  are  concentrated  in  the  lower  members  of  the 
Silurian  series,  where  we  have  observed  ten  species,  viz.  Calymem 
Fischeriy  C.  Odiniy  C,  heUatula^  Asaphus  expansutj  IlUenus  erasih 
caudOf  PJiacop^  Dounmigioiy  Metopias  ariesy  M.  NiUmeriy  M.  cont* 
ceps  and  Ampyx  fiasutus.  We  may  also  add,  firsty  that  all  these 
species  are  characteristic  of  the  lower  members  of  the  Silurian  series, 
except  P/iocops  Dowfiingiay  which  occurs  also  in  the  Dudley  linie* 
stone  and  even  in  the  limestone  of  Ferques ;  and  secondly^  that  all, 
with  the  exception  of  M.  canioepsy  occur  both  in  Scandinavia  and 
in  the  British  Islands  at  precisely  the  same  geological  horiion. 

We  have  nothing  more  to  add  on  the  sutgeci  of  the  Trilobitci 
observed  in  the  course  of  our  rapid  traverses  through  the  country. 
The  number  of  species  mentioned  hi  our  list  as  observed  by  other 
authors,  no  doubt  proves  that  our  collections  are  very  incomplete; 
but  it  is  also  possible  that  the  same  species  found  in  detached  frag- 
ments may  have  received  different  names,  and  that  the  whole  bubo- 
ber  may  thus  have  been  increased  without  sufficient  ground  iroui 
actual  investigation  f. 

Pishes. — It  is  well  known  that  the  most  diligent  research  has  failed 
in  discovering  any  traces  of  these  animals  amongst  the  earliest  strata 

*  Hist.  Nat.  des  Crust.  Fos.,  p.  15.  In  his  |||ates  M.  Brongniart  hasoonfounded 
two  distinct  species  under  the  name  Calymene  macrophthalmat  but  it  is  easy  to 
satisfy  oneself  that  his  description  applies  to  the  species  now  ooilBonly  aJled 
C,  Doumingi^B. 

t  To  obtain  an  idea  of  the  actual  state  of  our  knowledge  on  the  fHibject  «f  Tri- 
lobites, M.  Burmeistcr's  beautiful  work,  *  Die  Organisation  der  Trilobiten/  most 
be  referred  to.  More  than  fifty  genera  and  upwards  of  200  species  are  there  de- 
scribed.  [An  English  edition  of  this  work,  with  impressions  from  the  origiaal 
plates,  and  enriched  with  much  additional  matter  by  the  author,  has  recently  ap- 
peared among  the  publications  of  the  Kay  Society.— Bn.] 
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of  the  globe>  and  it  is  only  towards  the  uppermost  beds  of  the  Si- 
lurian series  that  we  first  find  Ichthyodorulites  belonging  to  the 
genus  Onchus  and  to  other  genera  of  which  the  family  is  not  yet 
determined. 

These  remains,  although  found  in  England,  are  generally  very  rare^ 
and  analogous  fossils  have  not  yet  been  obtained  in  Russia.  Accord- 
ing to  the  present  state  of  knowledge  in  palaeontology,  it  seems  to 
have  been  in  the  Devonian  period  that  fishes  became  for  the  first  time 
considerably  developed,  and  this  important  point  in  the  history  of 
these  animals  is  fully  confirmed  by  the  study  of  the  Russian  format 
tions,  for  no  country  is  richer  in  the  fossil  fishes  of  that  period,  and 
none,  considering  the  recent  date  of  investigations  of  this  kind,  lias 
furnished  greater  material  for  this  department  of  ichthyology.  In 
fact,  from  the  specimens  which  have  been  forwarded  to  him,  M.  Agas- 
siz  has  already  been  able  to  determine  as  many  as  forty-six;  Russian 
species  (nearly  half  the  whole  number  of  Devonian  fishes  actually 
known),  and  of  these  species,  eighteen  are  common  to  Russia  and 
Scotland  and  twenty-eight  are  peculiar  to  Russia.  In  the  Carboni- 
ferous system  however,  we  only  know  of  the  Ichthyodorulite  found 
by  M.  Helmersen  near  Troitzkoje,  about  thirty  wersts  to  the  west 
of  Serpoukhof  *,  and  one  tooth  which  we  discovered  at  the  mouth 
of  the  Piuega,  and  which  M.  Vogt  considers  as  having  belonged  to 
a  new  genus  of  the  Cestraciont  family,  establishing  a  passage  to 
Hybodusf.  The  Permian  system  has  afibrded  several  species  found 
at  Kargala  near  Bielebi  and  in  the  grits  of  the  neighbourhood  of 
Perm,  but  most  of  them  are  not  yet  made  out 

General  conclusion. — From  our  own  investigations,  it  appears  that 
the  palaeozoic  fauna  of  Russia,  including  the  Saurians,  Fishes,  and 
all  the  Invertebrata  except  the  corals,  embraces  S92  species t;  and  if 
we  add  to  these  the  species  quoted  by  other  authors,  the  total  will 
amount  to  560.  This  number,  not  one-fifth  part  of  the  general  pa* 
laaozoic  fauna §,  cannot  but  suggest  how  much  yet  remains  to  be  done 
in  this  vast  empire ;  but  however  incomplete  the  list  may  be  that 
we  now  offer,  it  is  already  capable  of  furnishing  useful  material  to- 
wards making  out  the  history  of  the  various  epochs  of  our  globe. 
When  it  appears  that  in  the  case  of  so  important  a  portion  of  the 
earth *s  surface  as  is  presented  by  the  whole  of  Europe,  we  can  trace 
at  its  two  extremities  the  succession  of  changes  which  its  inhabitants 

•  Erm.  Arch.  1841,  pi.  3.  fig.  3. 

t  According  to  M.  Vogt,  this  tooth  is  characterized  hy  its  single  ohtuse  cone 
and  the  Urge  folds  of  its  enamcL  It  resembles  the  hinder  teeth  of  Hybodm,  but 
differs  in  the  absence  of  an  elliptic  base  and  a  longitudinal  axis. 

X  Adding  to  this  number  the  thirty-eight  species  of  corals  determined  by 
Mr.  Lonsdale,  and  several  others  of  which  we  were  not  able  to  bring  specimens,  we 
may  consider  the  whole  number  of  species  admitted  by  us  and  the  result  of  our 
own  personal  investigation  to  amount  to  very  nearly  440. 

i  In  the  memoir  published  by  M.  de  Vemeuil  and  M.  d'Archiac  on  the  fossils 
of  the  Rhenish  provinces,  the  whole  number  of  paleozoic  species  was  stated  to 
be  2700.  Since  then  the  number  has  been  increased  by  the  labours  of  MM.  Con- 
rad, Emmons,  J.  Hall,  Mather  and  Vanuxem  on  the  state  of  New  York,  by  those 
(Mf  MM.  A.  and  C.  Romer  on  the  banks  of  the  Rhine  and  the  Harz,  those  of  MM« 
Portlock  and  M'Goy  on  Ireland,  &c  ■  .  > 

hi 
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have  undcrgooe,  one  \b  atnick  by  the  simultaoeity  of  the  piiodpal 
pbaenoniena  to  which  they  have  beeo  subject,  oamflj  the  ap|iear- 
aoce  aud  extiDction  of  ^pecieg.  In  spite  of  the  differences  presented 
by  the  ahnost  horizontal  plains  of  Russia,  when  compared  with  tke 
countries  further  to  the  west,  the  succession  of  species  has  takea 
place  throughout  in  the  same  order.  The  lower  members  of  the 
Silurian  system,  for  example,  are  there  characterized,  as  in  all  otker 
countries  hitherto  investigated,  by  the  abundance  of  Orihih  l^ 
icaui^  Orthoceraiites  and  Trilobitesy  while  the  upper  beds  afford  a 
multitude  of  corals,  as  Catenipora  and  Favosites,  The  Devonian 
rocks  there,  as  in  Scotland,  exhibit  a  remarkable  development  of 
the  class  of  fishes,  and,  as  in  Devonshire,  the  Produdus  first  ap« 
pears  and  tlie  Spirifer  first  becomes  abundant  in  rocks  of  this  age. 
Most  of  the  species  which  formed  the  submarine  population  during 
these  two  earlier  periods  becoming  one  after  another  extinct  in 
Russia  as  elsewhere,  they  arc  there  also  replaced  by  others^  amongst 
which  the  Productus  everywhere  characteristic  of  the  carbonife- 
rous rocks  is  the  most  striking.  And  lastly,  the  Permian  deposits, 
although  depositeil  beneath  the  waters  of  a  far  more  widely  extended 
ocean  than  the  contemporaneous  beds  of  Western  Europe,  still  pre- 
sent a  remarkable  agreement  in  the  appearance  of  Saurians,  and  tke 
complete  extinction  of  Trilobites,  Goniatites,  Ortlioceratites  and 
Bellerophons,  of  which  we  nowhere  find  traces.  If,  struck  by  thii 
strange  sequence,  we  turn  our  attention  to  North  America,  and  there 
discover  a  series  of  analogous  phsenomcnay  it  will  i4>pear  certain  that 
all  these  modifications  of  species,  their  extinction  and  the  introdue* 
taon  of  new  ones,  cannot  be  owing  to  mere  change  in  marine  cur- 
rents or  other  causes  more  or  less  local  and  temporary,  but  depend 
on  general  laws  which  govern  the  whole  animal  kingdom. 

On  comparing  together  the  four  divisions  of  the  palaeozoic  series 
as  developed  in  Russia,  we  find  that  the  number  of  species  gradually 
increases  from  the  Silurian  to  the  Carboniferous  in  a  constant  ratio 
analogous  to  that  observed  in  the  general  fauna  of  the  epoch.  With 
regard  to  the  Permian  division,  the  gradual  advance  scorns  there  to 
have  i-eceived  a  decided  check,  and,  as  is  the  case  ebewhere,  the 
number  of  species  is  much  less  considerable  than  during  the  earlier 
period. 

If  in  the  next  place  we  compare  the  species  of  each  system  or 
division  of  the  whole  period,  it  is  hardly  possible  not  to  be  struck 
with  the  fact,  that  in  a  district  where  the  deposits  appear  to  have 
been  uninterrupted  and  continuous,  there  are  so  few  species  passing 
from  one  system  into  another.  Eight  species  only  are  common  to 
the  beds  of  two  of  these  great  divisions,  two  seem  to  have  endured 
the  vicissitudes  of  a  greater  number,  while  ChoneiM  sarcintdata  is 
the  only  one  that  appears  to  have  survived  throughout  the  palaeozoic 
period.  When  however  in  this  kind  of  comparative  view  we  include 
a  greater  area,  and  extend  our  observation  for  example  to  the  whole 
of  Europe,  the  number  of  species  common  to  several  systems  sensi- 
bly increases,  and  we  then  discover  relations  between  the  thickness 
of  the  deposits  through  which  the  species  extend  and  the  geographt- 
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6til  laMfli  which  they  occupy,  or,  in  other  words,  between  their  distri 
bdtiofi  in  space  and  in  time, — relations  on  which  was  founded  the  pro- 
j^ltibn  enunciated  by  M .  d'Archiac  and  one  of  ourselves,  namely, 
'^that  species  which  are  found  in  a  great  number  of  localities  and 
in  yerj  distant  countries,  are  almost  always  those  which  have  lived 
during  the  formation  of  several  successive  systems*." 

Of  the  392  species  which  we  have  observed  in  Russia,  205,  or 
more  than  half,  are  peculiar  to  that  country.  Some  of  these,  it  is 
true,  differ  so  little  from  species  found  in  the  deposits  of  the  same 
age  in  the  west  of  Europe,  that  we  may  look  upon  them  as  their 
representatives ;  but  still  there  are  such  marked  differences  between 
the  faunas  of  the  two  extremities  of  Europe,  that  we  are  bound  to 
admit  the  important  fact,  that  even  at  this  early  period  species  were 
act  uniformly  distributed  throughout  distant  seas,  but,  on  the  con- 
trary, were  already  grouped  into  localities,  marking  in  their  distri- 
bution those  geographical  divisions  or  groupings  into  limited  areas 
which  were  more  and  more  distinctly  marked  in  after- times f. 

Confining  our  view  of  the  Russian  palseozoic  fauna  to  the  species 
thence  obtained  by  ourselves,  we  may  observe, y^r*^,  that  they  are 
all  marine,  with  the  exception  of  some  shells  associated  with  land 

eants  in  the  Carboniferous  and  Permian  system ;  and  secondly,  that 
lere  are  very  few  species  passing  from  one  system  into  another, 
notwithstanding  that  the  rocks  very  frequently  indicate  such  pass- 
age; 

'  If,  however,  instead  of  limiting  the  comparison  in  this  way  to  the 
Russian  species,  we  include  the  general  European  palasozoic  fauna, 
we  may  observe,  JirBt,  that  the  number  of  species  common  to  both 
fkunas  (the  Russian  and  general  European)  is  sufficient  to  satisfy 
us  that  the  sea  then  covering  Russia  was  in  communication  with 
that  covering  Western  Europe.  Secondly y  that  there  is  at  the  same 
time  a  sufficient  number  of  species  confined  to  each  locality  to  prove 
that  the  distribution  then  was  not  very  different  from  what  is  ob- 

*  Trans.  GeoL  Soc  of  London,  2nd  ser.  vol.  vL  p.  335.  The  obeerratioDs  of 
geologists  in  America,  as  well  as  our  own  in  Russia,  tend  to  strengthen  this  po- 
aition.  It  may  be  worth  while  to  mention,  as  examples,  some  of  the  most  widely- 
i]^ltaid  species,  as  for  instance,  Favosites  gothlandicay  F.  pofymorphOf  StromatO' 
fora  coneentricat  Terebratula  reticularis^  T,  atperOt  T.  concentricot  T.  eUmgata, 
T^  mtctmitu,  T.  pugmu,  T,  euboidety  T.  fFiltani,  Pentamerua  galeattu,  Spirtfer  gla- 
itr,t  Orthit  crenistria^  0.  lunata,  O.  resupinatOf  0.  alriatuUit  Lcptana  depressa, 
Chonetet  sarcinulata,  Melania  mgifera,  Bellerophon  Urii^  Phacqps  macrophthabna, 
P.  DowningiiBy  Calymene  Blumenbachiiy  Brontet  flaheUifery  &c.  This  rule  is  not 
i&tAf  applicable  to  the  distribution  of  species  vertically  through  thick  deposits,  but 
also  to  their  distribution  in  existing  seas ;  for  Professor  £.  Forbes  has  observed 
Ia  the  i£geaQ  Sea,  that  the  species  which  can  exist  at  very  different  depths  be- 
neath the  surface  are  generally  those  most  widely  observed  in  horizontad  exten- 
uon.     (Report  of  the  Thirteenth  Meeting  of  the  British  Association.) 

'f'  Whilst  in  Russia  the  number  of  species  peculiar  to  the  country  amounts  to 
one-half,  in  North  America  it  is  still  more  considerable  in  consequence  of  the 

raater  distance.  Of  184  species  from  the  state  of  New  York,  described  by  Mr. 
Uall|  about  three-fourths  are  peculiar  to  the  new  world ;  and  in  the  fine  col^ 
lection  of  American  fossUs  which  Mr.  Lyell  has  obligingly  placed  at  our  disposal, 
at  least  five-sixths  of  the  species  have  appeared  to  us  distinct  from  those  of  Eu- 
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Berved  with  regard  to  subsequent  periods.  HiirdUy^  that  if  the  pa- 
Iseozoic  species  differed  more  aecordiug  to  place  and  climate  than 
has  been  generally  supposed,  there  is  still  a  greater  uniformity  in 
the  types  to  which  they  must  be  referred  than  is  the  case  at  present, 
whence  we  may  conclude  that  the  animal  creation  was  indeed  then 
distributed  as  it  is  now  into  geographical  groups,  but  that  these 
groups  were  then  less  distinct  from  one  another,  owing  to  a  greater 
uniformity  in  the  climate  in  different  parts  of  the  earth.  Fmnihly^ 
that  the  great  laws  which  governed  the  introduction  and  extinction 
of  species  were  the  same  in  Russia  as  in  the  rest  of  Europe.  And 
fifthly^  that  the  species  which  traverse  several  systems  of  deposits 
are  generally  those  which  appear  most  widely  distributed  in  distant 
countries. 

Lastly,  if  we  bring  the  palaeozoic  fauna  generally  into  contrast 
with  the  existing  fauna,  we  find  differences  which  involve  not  only 
a  change  in  species,  but  an  entirely  distinct  grouping  of  the  animal 
kingdom.  We  learn  that  many  classes,  and  amongst  them  the  high- 
est in  the  series,  had  not  yet  appeared  upon  the  earth ;  that  most  of 
the  genera  were  different  from  those  now  represented ;  that  those 
which  have  been  continued  to  our  time  exhibit  in  the  relative  num- 
ber of  their  species  a  totally  different  and  often  inverse  proportion; 
and  lastly,  that  the  actual  population  of  the  globe  is  by  no  means  the 
remnant  of  a  population  formerly  more  extenmve.  At  the  same  time 
we  are  forced  to  abandon  the  idea,  that  the  first  created  beings  ex- 
hibited merely  the  first  rough  and  unfinished  outline  of  the  plan  of 
nature ;  and  if  there  has  been  any  progressive  movement  in  oreatioD) 
•uch  as  the  successive  introduction  of  the  different  classes  of  the 
vertebrate  animals,  it  is  important  to  observe  that  the  products  of 
creative  power,  whatever  rank  may  be  assigned  them,  have  at  all 
times  exhibited  that  admirable  perfection  which  belongs  to  every- 
thing proceeding  from  the  hands  of  the  Creator. 

D.  T.  A. 
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Beiirage  zur  Flora  der  Vorwelt.   Von  August  Joseph  Corda. 

Prag*,  1845. 

This  work  is  a  valuable  addition  to  our  knowledge  of  the  internal 
structure  of  fossil  plants.  The  author  s  researches  appear  to  have 
been  conducted  with  great  care  and  labour,  and  he  has  been  sue- 
cessful  in  discovering  well-preserved  vegetable  structure  in  many 
instanoes  where  it  haid  not  before  been  looked  for,  especially  in  the 
plants  of  the  coal-formation.  Indeed,  he  affirms  that  the  seemingly 
unpromising  fragments  imbedded  in  the  sandstone  and  clay  iron* 
stone  of  that  formation  are  sometimes  in  a  more  satisfactory  state 
for  microscopical  examination  than  the  more  showy  specimens  mi- 
neralized in  agates  or  opal. 

The  work  is  illustrated  by  sixty  plates,  containing  veiy  highly- 
magnified  figures  of  the  anatomical  structure  of  the  plants  described. 
These  magnified  representations  are  indeed  on  so  large  a  scale,  that 
one  might  be  tempted  to  suspect  some  exaggeration,  did  not  the  au- 
thor strongly  protest  in  his  Introduction  against  such  a  suspicion. 

The  tribes  of  plants  of  which  illustrations  are  given  in  the  pre- 
sent work  are  the  following : — 

1.  SagenariacecB,  2.  Sigillariem.  3,  Diptoxt/le^e.  4.  CycadetB. 
5.  PcUnuD.  6.  Fiabellariacea*.  7.  OrchidecB,  8.  Zygophyllea.  9. 
Protopterides.  \0,  Phthoropterides,  \\.  Rhachiopterides,  12,  Glei^ 
chenuicecB.  13.  Schizaacea*,  14.  MaraUiacem,  15.  DiplotegutcetB. 
The  ninth,  tenth  and  eleventh  of  these  are  merely  artificial  subdivi- 
sions of  the  great  family  of  Ferns,  founded  on  portions  of  stems  and 
leaf-stalks  which  have  not  been  found  in  connexion  with  the  leaves. 

1.  The  SagenariacetB  correspond  with  the  Lepidodendrece  of  Un- 
ger's  Synopsis,  and  include  the  genus  Lepidodendron  of  Sternberg 
and  Brongniart,  together  with  a  few  others.  The  species  here  de- 
scribed and  figured  are  four,  three  of  which  belong  to  new  genera, 
namely  LomatoJloyoSi  Leptoxylum  and  Heierangium.  The  structure 
of  Lomatofloyos  crassicaule,  of  which  most  elaborate  details  are 
given,  agrees  pretty  closely  with  that  of  L^idodendron  Harcourtii^ 
as  explained  by  Adolphe  Brongniart :  the  woody  axis  of  the  stem 
consists  entirely  of  scalariform  vessels,  without  medullary  rays,  and 
without  any  tendency  to  a  radiated  arrangement ;  it  encloses  a  cen- 

*  Contribatioiis  to  a  Flora  of  the  Ancient  World,  by  A.  J.  Corda.  Prague,  1845. 
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tnd  pUhf  and  m  itself  eurroundcd  by  a  very  broad  zone  of  iooM  eci- 
luUr  tissue*  which  is  traverEed  by  bundles  of  scalariform  vcjisek 
passing  from  the  woody  axis  to  the  leaves.  But  M.  Corda  diWtn 
very  widely  from  M«  Brongniart  in  his  view  of  the  affinities  of  this 
tribe  of  plants;  he  considers  them  as  true  Exogens,  nearly  allied  to 
the  CrassttlaoMBf  and  especially  to  the  shrubby  Semperviva  of  the 
present  world.  It  appears  that  this  view  has  been  more  fully  ex- 
plained in  a  previous  publication,  to  which  he  refers;  but  he  does 
not,  in  the  present  work,  bring  forward  any  material  evidence  in 
support  of  it,  nor  does  he  attempt  to  answer  the  arguments  (appa- 
rently very  weighty)  which  Adolphe  Brongniart  has  urged  against 
it  in  his  admirable  paper  on  Sigillaria  elegan$. 

2.  tStgillariem* — The  genera  are  Siffiliaria,  StifftnaricL,  Wij/ti- 
dophloyas  and  Myelopity$y — the  two  latter  new.  The  figures  of  Si- 
fularia  elegans  arc  avowedly  borrowed  from  Adolphe  Brongniart  s 
paper  above-mentioned,  but  here  again  our  author  is  widely  at  va- 
riance with  the  illustrious  French  botanist,  respecting  the  affinities 
of  the  plants  in  question.  He  believes  the  Sigillarise  to  have  been 
succulent  Dicotyledons  closely  allied  to  the  recent  Euphorbiae ;  and 
he  supports  this  opinion  by  a  very  careful  and  minute  comparison 
of  the  whole  structure  of  Sigillaria  degans  with  that  of  E^qAofhia 
mammiUaris  and  E.  HyUrix,  The  similarity  in  many  respects  is 
certainly  very  striking,  but  there  is  one  important  difference :  in  the 
Euphorbise  the  outer  part  of  the  ligneous  body  or  axis  consists  of 
true  woody  fibre  of  the  ordinary  structure,  whereas  in  the  Sigillaria 
this  kind  of  tissue  is  entirely  wanting,  the  whole  of  the  ligneous  axb 
being  composed  of  scalariform  and  porous  vessels.  It  is  on  account 
of  this  uniformity  of  tissue  in  the  Sigillaria  that  Adolphe  Brongniart 
has  referred  it  to  the  class  of  Gymnospennous  Dicotyledons. 

The  leaves  of  the  Sigillariss  have  been  hitherto  unknown,  except 
in  tbo  single  instance  of  S.  lepidodendrifolia^  where  they  are  de- 
scribed and  figured  by  Brongniart.  M.  Corda  has  discovered  the 
leaves  of  ^S^.  rhytiddepis  (a  new  species  from  the  coal-mines  of  Bo- 
hemia), and  describes  them  as  linear,  very  long  and  narrow,  from 
one  to  two  feet  long  and  scarcely  1^  line  broad,  with  a  promioent 
rib  along  the  middle.  They  have  much  resemblance  therefore  to 
the  leaves  of  S,  lepidodendrifolia,  and  to  those  of  some  species  of 
Lepidodendron,  such  as  X.  acerasum  and  /^  iofigifoliunu  In  hct, 
it  is  very  likely  that  some  of  tiie  so-called  LepidophyUoj  which 
occur  very  frequently  in  a  detached  state  in  the  coal-formation, 
may  be  the  leaves  of  Sigillariae. 

In  treating  of  Stigmaria,  it  is  remarkable  that  our  author  does  not 
even  allude  to  the  theory,  so  much  discussed  of  late  in  England,  of 
that  singuhir  production  being  merely  the  root  of  Sigillaria.  He 
gives  the  specific  name  of  analxtthra  to  our  common  Stigmaria^  of 
which  tlie  anatomy  has  been  fully  illustrated  by  Lindley,  Bron- 
gniart and  othera,  and  which  is  commonly  known  as  S.Jieoides ;  while 
the  latter  name  is  reserved  for  the  plant  originally  described  by 
Sternberg.  The  two  species  differ,  as  it  appears,  materially,  in  the 
nature  of  the  vessels  composing  their  solid  axis;  these,  in  the  SUg- 
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\.  tmaboArth  are  umformly  and  regularly  scalariform,  wl^ercas 
Ask4he  other  they  are  porous  or  dotted  vesselB.  Moreover,  this  latter 
Jmb  two  difitinot  sets  or  orders  of  medullary  rays — several  smalls  or 
;46eoiidary  rays  occurring  between  every  two  of  the  principal  ones. 
JS.^amabaikra  has  only  the  large  or  principal  rays.  It  is  very  possi- 
Ue  that  the  S^^fieoides  of  Corda  may  exist  in  this  country  as  well  as 
the  other  kind,  but  as  yet  it  is  known  only  as  a  production  of  the 
oool-mines  of  Bohemia. 

8*  The  tribe  Diploxylea  contains  only  a  single  species,  the  Di- 
plMeyUm  cycadeaideutHf  first  discovered  by  M.  Corda,  and  described 
by  him  in  the  year  1840.  Nothing  is  known  of  it  except  the  struc- 
ture of  the  stem,  which  is  peculiar,  being  composed  of  two  distinct 
ligneous  bodies  or  zones,  the  outer  of  which  consists  of  vessels  ar- 
ranged in  radiating  lines,  the  inner  of  vessels  crowded  together  with- 
out any  order.  All  the  vessels  in  both  zones  are  of  the  scalariform 
structure ;  and  it  is  remarkable,  indeed,  how  extensively  this  pecu- 
liar kind  of  tissue  is  found  to  prevail  in  the  fossil  plants  of  the  older 
formations. 

4,  5.  The  author  8  observations  on  the  Cycadete  contain  nothing 
very  new  or  important ;  and  under  the  head  of  Palms,  the  most 
material  novelty  is  the  discovery  of  wood  belonging  to  this  tribe,  or 
at  any  rate  to  the  Endogenous  class,  in  the  coal-mines  of  Bohemia. 
It  occurs,  he  says,  only  in  small  fragments  imbedded  in  nodules  of 
the  mineral  called  Sphaerosiderite  (a  carbonate  of  iron).  This  disco- 
very is  the  more  important,  as  Adolphe  Brongniart  has  lately  denied 
altogether  the  existence  of  Endogens  in  the  coal-formation. 

6.  Concerning  the  FlabeUaria  borctssifolia  of  Sternberg,  much 
new  and  valuable  information  is  here  communicated.  It  is  shown, 
that  what  its  original  describer  took  for  the  segments  of  a  fan-shaped 
leaf,  are  in  fact  (as  Brongniart  had  already  suspected)  simple  leaves, 
crowded  together  into  a  fan-like  tuft  at  the  top  of  the  stem.  The 
straight  and  parallel  veins  of  these  leaves  give  to  the  plant  the  ap- 
pearance of  an  Endogen,  but  the  internal  structure  of  the  stem,  here 
for  the  first  time  described,  is  totally  at  variance  with  that  of  the 
Endogenous  class.  The  wood  forms  a  hollow  cylinder,  entirely 
composed  of  scalariform  vessels,  which  are  regularly  arranged  in 
radiating  lines,  but  without  medullary  rays ;  this  cylinder  encloses  a 
large  central  pith,  and  is  itself  surrounded  by  a  zone  of  cellular  tis- 
sue, through  which  bundles  of  scalariform  vessels  run  out  to  the 
leaves.  In  the  form  and  position  of  this  vascular  cylinder,  as  well 
as  in  the  nature  of  the  tissue  composing  it,  FlabeUaria  agrees  on  the 
one  hand  with  the  SagenariacesB  or  Lepidodendrese,  on  the  other 
with  the  Sigillariae ;  but  from  the  former  it  differs  in  the  dbtinctly 
radiated  arrangement  of  its  vascular  tissue,  from  the  latter  in  the 
absence  of  medullary  rays. 

Tlie  other  fossil  plants  included  under  the  genus  FlabeUaria  in 
Uuger's  Synopsis  are  widely  difierent  from  this,  and  are  referred 
by  Corda  to  the  Palm  tribe,  under  the  generic  name  of  Barassites. 

7.  Under  the  head  of  Orchidece  is  described  a  remarkable  fossil, 
ef  which  the  locality  is  unknown.    It  is  a  mass  of  matted  roots,  si- 
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milar  to  thoie  of  an  Orchideous  Epiphyte,  adheriog  to  a  fragment 
of  couiferous  wood^ — the  whole  converted  into  silex. 

8.  The  LMlia  vitmdosa  of  Unger,  a  fossil  stem  of  peculiar  stnio- 
tore,  from  the  tertiary  formation  of  Ranka  in  Hungary,  is  oarefuU? 
described,  and  shown  to  bear  more  analogy  to  the  stem  of  Zjf^ophyU 
imm  coceineum  than  to  any  other  that  has  been  examined. 

9.  In  proceeding  to  treat  of  Ferns,  our  author  begins  with  a  most 
elaborate  examination  of  the  internal  structure  of  the  stem  in  the 
recent  kinds,  showing,  by  a  series  of  minute  comparative  analyses, 
liow  uniform  in  all  essential  points  is  the  organization  of  the  stem 
throughout  the  tribe  of  Polypodiaceae,  from  the  humble  herbaceous 
Ferns  of  Europe  to  the  loftiest  arborescent  kinds.  He  then  proceeds 
to  a  similar  comparative  examination  of  those  fossil  Fern-stems 
which  he  includes  under  the  name  of  Protopter%dt9^  and  demon- 
strates their  close  agreement,  both  in  external  and  internal  structure, 
with  the  recent  tree-ferns  belonging  to  the  groups  of  Cyathese  and 
Dicksonioe.  This  agreement  is  particularly  striking  in  the  case  of 
an  arborescent  Fern*  from  Van  Diemcn*s  Land,  which  M.  Corda 
conjectures  to  be  Balantium  aniarcticwn  (Dickstmia  atUarcHca^ 
Hooker),  and  which  exhibits  several  differences  in  the  arrangement 
of  its  internal  ligneous  and  vascular  system  from  all  those  noticed 
by  Brongniart,  approximating  still  more  closely  to  the  fossil  Pro- 
ioptendes.  In  particular,  it  agrees  with  these  latter  in  the  circum- 
stance, that  the  layer  of  hard,  dark-coloured,  compact,  fibrous  tissue, 
which  encloses  the  pith  and  constitutes  the  real  wood,  is  continuous, 
presenting  in  the  transverse  section  the  appearance  of  a  sinuous 
out  uninterrupted  zone,  whereas  in  all  the  Fern-stems  figured  by 
Adolpho  Brongniart  t  it  is  divided  into  distinct  plates.  The  peculiar 
eharactcr  which  distinguishes  Proioptens  from  all  arborescent  Ferns 
hitherto  known  in  a  recent  state,  is  the  shape  of  the  vascular  scar 
left  by  the  breaking  of  the  vessels  that  passed  into  the  leaf-stalk : 
this  soar,  in  Protopteris,  forms  a  continuous  line,  in  the  shape  of  a 
liorse-shoe  or  a  trefoil,  whereas  in  the  recent  kinds  it  is  always  in- 
terrupted or  broken  into  several  portions,  and  generally  there  are 
several  concentric  groups  of  such  vascular  marks  on  the  surface  of 
each  leaf*scar. 

The  Protopteridese  are  divided  by  Corda  into  eight  genera,  as 
follows : — 

I.  Protopteris.  Four  species: — I.  P.  Stemberffii  (Lepidodendrtm 
pundaiutn,  St,  Sigillaria  punctata,  Brongn-^from  Kaunitz,  Bohe- 
mia ;  2.  P,  Singeri  (Caulm)terisy  Goepp.),  from  Kaunitz^  and  from 
Giersdorf  in  Silesia;  3.  P»  Cottai  (Camopteris  ptrndatoy  Goepp.), 
found  in  alluvial  soil  at  Grossenhaim,  Saxony ;  4.  P.  microrhiza^  of 
which  the  locality  is  unknown. 

All  the  species  of  Protopteris  appear  to  be  of  very  rare  and  strictly 
local  occurrence  in  a  fossil  state ;  two  of  the  four  indeed  are  known 
onl^  by  unique  specimens.  The  first  three  are  extremely  similar  in 
their  external  characters.    The  internal  structure  of  P.  StembergH 

*  COTds,  tib.  51.  flgi.  1-9.  t  Hist.dety^FoiS.t.44. 
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tuul  P.  SinffiH  is  unknown ;  that  of  P.  Coitai  is  figured  and  de- 
scribed in  great  detail  by  M .  Corda,  and  agrees  most  remarkably 
with  that  of  the  recent  tree-fern  from  Van  Diemen's  Land,  already 
mentioned. 

IL  Spkalmopteris.  One  species:— /S'.  MmiffeaHi,  figured  by 
Brongniart  (Hist.  V6g.  Foss.  t.  80)  as  the  stem  of  Anamopteris  MoU" 
ISfWiiu    From  the  red  sandstone  of  the  Vosges. 

III.  CMqfieris.  Three  species: — 1.  C.  VoUzii;  2.  Cmicropeliis; 
8.  GLeionffeana.  All  of  them  are  figured  as  species  of  Caulopteris 
by  Sohimper  and  Mougeot  in  their  monograph  of  the  fossil  plants 
of  the  Vosges. 

IV.  Stemmatopteris.  Two  species: — 1.  S,peltigera;  2.  S.  CisHu 
Both  described  and  figured  by  Brongniart  as  species  of  SigiUaria, 

V.  Phfehopteris.  Two  species: — 1.  P.  macrodiscus  {Sigiilaria, 
Brongn  J^;  2.  P.  striata^  a  new  species  from  Waldenburg,  Silesia. 

VI.  Caulopieris.  Two  species  >^1.  (7.  j^nmcFva,  Lindi.  and  Hutt. 
Foss.  Fl.;  2.  C.  PhtUipsih  L.  and  H. 

VII.  CotUBa.  One  species : — 17.  daru£oideSy  Gocpp. 

VIII.  Z^fpea,  One  species  :•— Z.  cUsticha^  from  the  coai-forma- 
tion  at  Wranowitz  and  Chomle,  Bohemia*  This  is  a  fossil  of  a  very 
peculiar  appearance,  much  more  remote  from  any  of  the  recent 
forms  than  the  rest  of  those  included  among  the  Protopteridese. 
The  leaf-scars  are  arranged  in  two  vertical  rows,  on  the  two  opposite 
sides  of  the  stem,  and  their  vascular  markings  are  extremely  con- 
fuse and  irregular.  In  the  transverse  section  the  stem  exhibits 
four  ligneous  bundles,  of  a  curved  form,  placed  opposite  to  one 
another  in  pairs. 

10.  Phthorapterides* — Under  this  name  M.  Corda  brings  together 
several  fossils  (partly  described  in  Cotta's  *  Dendrolithen '  as  spe- 
cies of  Tubicaulis)  which  appear  to  have  been  portions  of  the  stems 
of  herbaceous  Ferns,  enveloped  by  a  dense  matted  mass  of  roots  and 
leaf-stalks,  as  we  see  in  Osmunda  regalis  and  other  British  Ferns. 
Most  of  the  specimens  which  have  been  found,  indeed,  show  only 
this  mass  of  roots,  the  stem  itself  having  been  broken  away.  Corda 
divides  his  Phthoropterides  into  four  genera,  characterized  prin- 
cipally by  the  form  in  which  the  vessels  of  the  leaf-stalks  are  ar- 
range : — 

I.  Asierochkena.  One  species : — A.  Cottai  (Tubicaulis  ratnonts, 
Cotta  Dendrol.). 

11.  Zygopteris.  One  species: — Z,prim<Bva  (Thdricaulis  prtma- 
riusy  Cotta.). 

III.  Seitnochkena,  Two  species : — 1.  S.  micrarhiza  {Tubicaulis 
dubiuSy  Cotta) ;  2.  S.  Reichii  (  Tubicaulis  solenites,  Cotta). 

IV.  Tempskya.  Four  species,  all  of  them  new: — 1.  Tempskya 
pulchra^  found  among  the  rolled  stones  of  the  Elbe ;  2.  T.  macro- 
cottla ;  8.  T.  microrhiza ;  4.  T.  Schimperi.  The  localities  of  the 
last  three  species  are  not  certainly  known,  but  it  is  conjectured  that 
they  were  found  in  Bohemia.  Scarcely  more  than  a  single  speci- 
men of  each  of  the  species  appears  i<5  be  known.  They  consist  in 
every  instance  of  a  dense  mass  of  interwoven  roots,  among  which 
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t)ie  leaflet^  arc  imbedded  in  a  scattered  manner,— -tlie  wlib^e  mlnej 
ralized  by  chalcedony.  The  distinctions  of  the  supposed  specie* 
depend  mainly  upon  the  comparative  size  of  the  leaf-stadks^  and  the 
fbrm  which  they  exhibit  in  a  transverse  section. 

II.  Rhachiopterides, — This  b  avowedly  an  artificial  group  (bunded 
merely  on  fragments  of  the  leaf-stalks  of  Ferns,  which  have  be^ 
found  so  preserved  as  to  allow  of  the  examination  of  their  internal 
structure,  but  with  no  leaves  attached  to  them.  M.  Corda  thfnki 
it  expedient  to  dbtributc  these  remains  among  six  different  genera; 
which  he  groups  according  to  the  number  and  form  of  the  vascular 
bundles  in  each  leaf-stalk,  thus : — 

A.  Witli  one  vascular  bundle,  which  is  curved  upwards  or  inwardsL 

I.  Seienopieris.  Two  species : — S.  Radfutzensis  and  S.  invohUa* 
TJie  vessels  of  the  first  species  are  of  the  porous  structure  (an  un« 
usual  circumstance  in  Ferns),  in  the  second  they  are  scalarifonn. 

II.  Gyropteris,    One  species  : — G.  crassa. 

B.  With  one  vascular  bundle,  which  is  revolute* 

III.  Anaehompteris.  Two  species: — A.pulchra  and  A.  tvhm* 
data.  The  genus  is  remarkable  in  two  respects — that  its  vasculat 
tissue  consists  of  porous  vessels,  and  that  the  bundle  formed  of  these 
vessels  is  rolled  back,  or  presents  its  concavity  towards  the  back  of 
the  leaf-stalk,  which  Corda  observes  is  not  the  case  in  any  receat 
Fern  that  he  has  been  able  to  examine. 

C.  With  two  or  more  vascular  bundles. 

IV.  Ptihrhachis.     One  species : — P,  dubia. 

V.  Diplophacdus.     One  species : — Z>.  arboreus. 

VI.  Chl(^)ieris,  One  species: — C.dubia.  This,  like  all  the  other 
remains  included  by  Corda  under  the  present  tribe,  occurs  in  the 
coal-formation  at  Radnitz  in  Bohemia. 

12.  Gleiehemacew. — Five  different  genera  of  fossil  Ferns  had  been 
enumerated  by  Presl  as  belonging  to  this  tribe,  namely : — LaccopUrii^ 
A$terotheca*i  Phialapteris,  Gutbieria  and  Parischku  To  these 
Corda  odds  two  others,  Hawlea  and  Chorianopeeris. 

I.  Hawlea.  One  species : — H.  pulcherrima.  Founded  on  a  spe- 
cimen in  fructification  obtained  from  the  coal-formation  of  Bohemia. 
It  agrees  very  closely,  in  the  form  and  arrangement  of  its  fruit, 
with  the  recent  genus  Mertensia  (included  in  Gleichenia  by  Sir  W. 
Hooker),  nor  does  there  appear,  so  far  as  the  evidence  goe^  to  be 
any  sufficient  reason  for  separating  them. 

II.  Cfiorionopteris.  One  species: — C  gleichenioidesy  found  m 
Sphaerosiderite  in  the  coal -formation  of  Radnitz.  This  is  a  plant 
much  more  peculiar  in  its  structure  than  the  preceding,  and  mate- 
rially different  from  any  of  the  recent  Gleicheniacese ;  in  fact,  tha 
author  considers  it  as  intermediate  between  that  tribe  and  the  Cya- 

*  if*/«rooa>7>fffof  Goeppert. 
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ttieie.  It  6eeinfi  to  have  been  a  very  small  and  delica^  F^^».wit^ 
itji  capsules  grouped  in  fours,  enclosed  io  a  spherical  iudusiuin  wbijch 
p^ipied  by  lour  valves. 

IS.  ' SchizcBacem, — Under  this  head  is  described  a  very  beautiful 
fossil  ForUy  discovered  in  the  coal-mines  of  Nachod  in  Bohemia, 
wit^  its  fructification  in  an  extraordinary  state  of  preservation.  It 
piqsely  resembles  the  existing  genus  Mohria^  but  is  well  distinguisheil 
by  the  structure  of  the  ring  of  its  capsules,  which  here  consists  of 
four  or  five  rows  of  cells,  in  Mohria  of  a  single  row. 

14*  Marattiace€B, — Our  author  refers  to  this  tribe  the  remarkable 
fossils  known  under  the  name  of '  Psarolites,'  forming  the  genus  Psa^ 
ranius  of  Cotta ;  and  he  enters  into  a  minute  and  elaborate  exami- 
nation of  their  structure,  comparing  it  in  detail  with  that  of  the 
recent  Marattiacese,  especially  of  Angiopteris,  and  showing  the  close 
afiinity  that  exists  between  them.  The  most  important  points  of 
internal  structure  in  which  the  Marattiaceae  differ  from  ordinary 
Ferns,  are,  that  the  fibro- vascular  bundles  of  the  stem  are  irregular 
in  form,  not  arranged  in  a  circle,  but  scattered  without  any  appa- 
rent order  through  the  cellular  tissue;  that  the  vei^sels  of  each 
bundle  are  not  enclosed  in  a  woody  sheath  composed  of  hard  and 
dark-coloured  fibrous  tissue,  nor  is  the  stem  itself  coated  with  a 
rind  of  such  hardened  tissue;  and  that  the  vessels  of  the  roots  are  so 
arranged  as  to  present  in  a  transverse  section  the  appearance  of  a 
star.  In  all  these  peculiarities  Angiqpteris  apd  MaraUia  agree  with 
the  fossil  Psaronii.  But  no  I'ecent  Marattiaceee,  as  far  as  is  hitherto 
known,  have  their  stems  so  densely  clothed  with  a  compact  mass  of 
matted  roots,  as  is  the  case  in  most  of  the  Psarolites. 

In  the  present  work,  not  less  than  twenty-six  supposed  species  of 
Psaronius  are  described  and  figused,  all  of  them  from  Bohemia  and 
Saxony,  where  they  occur  either  in  the  *^  Rothe-todte-liegende  '*  or 
the  coal-formation,  and  sometimes  (in  a  rolled  state)  in  aJluvial  de- 
posits. The  first  two  species,  Psaronius  carboniftr  and  P.  muse^ 
JbrmiSf  are  extremely  difiisrent  in  appearance  from  most  of  the  cihera, 
so  that  no  one  would  have  supposed  them  to  belong  to  the  same 
genus;  the  external  mass  of  roots  is  wanting,  and  the  vascular 
bundles  of  the  stem  are  arranged  with  a  regularity  which  is  not  ob- 
servable in  any  other  Psarolites;  in  fact,  the  peculiar  arrangement  of 
these  bundles  has  caused  the  second  species  to  be  taken  for  a  plant 
of  the  Banana  tribe.  As  the  structure  of  the  tissues  is  not  visible 
in  either  species,  the  place  assigned  by  Corda  to  these  fossils  can 
soircely  be  regarded  as  definitive.  The  third  species,  P,  etreruioeus 
(which  as  well  as  the  two  preceding  and  the  two  following  was 
discovered  in  the  coal-sandstone  of  Radnitz  in  Bohemia),  is  likewise 
destitute  of  air-roots,  and  has  two  vertical  rows  of  leaf-scars  on  each 
aide  of  its  compressed  stem;  but  the  appearance  of  its  vascular 
bundles  is  somewhat  more  like  that  seen  in  ordinary  Psarolites.  JP. 
pulcher  exhibits  a  structure  in  some  degree  intermediate  between 
the  preceding  and  the  better-known  forms ;  and  the  fifth  species, 
P.  Radnicensisy  likewise  found  in  the  sandstone  of  the  coal-formation 
at  Kaduitz,  has  all  the  characteristic  peculiarities  of  the  genus. 
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The  remaioing  IweDty-one  species  (beginning  with  Psaromm 
Helmintholithus)  all  occur  in  a  siliciiied  state  in  the  '  Rothe-todte- 
liegendc'  or  in  alluvial  soil,  principally  about  New  Paka  and  Mol- 
hausen  in  Bohemia,  and  Chemnitz  in  Saxony.  They  have  a  very 
great  similarity  to  one  another,  and  it  may  be  doubted  whether  aU 
of  the  species  distinguished  by  the  present  author  will  be  admitted 
by  other  botanists.  There  is  however  one  remarkable,  and  appa- 
rently important,  anatomical  peculiarity  pointed  out  by  him  as  cba« 
ractcrizing  certain  species,  namely  PjarcmtM  speciosuSf  P.  ahophi* 
laidest  P.  dubius,  P.  giganteuSy  P.  asterolithus,  P.  parkeriaformis 
and  P,  macrorhizus.  This  is  the  presence  of  regular  cavities  or 
lacunas  in  the  cellular  tissue,  such  as  occur  constantly  in  the  tissue, 
of  water-plants,  whence  M.  Corda  conjectures  that  the  above-men* 
tioned  species  were  aquatic  Ferns,  like  the  recent  Parkeria,  which 
is  provided  with  similar  lacunae. 

The  largest  of  the  Psaronii  described  in  this  work  are  P.  Md» 
mitUhoiithWt  P.  intertextus  and  P.  giganteui,  of  which  pieces  as 
muoh  as  twenty  feet  long  have  been  found ;  yet  even  these  are  said 
to  be  much  inferior  in  size  to  the  American  kinds. 

15.  DiploiegiacecB, — This  family  is  established  for  the  reoeptioa 
of  a  single  fossil  stem,  found,  though  but  rarely,  in  the  coal-sandstooe 
at  Radnitz  in  Bohemia.  Its  outward  appearance  is  somewhat  like 
that  of  a  Lepidodendron ;  the  internal  structure  is  very  peculiar  and 
anomalous,  but  is  tltought  by  the  author  to  come  nearest  to  that  of 
the  Marattiaceae. 

The  work  concludes  with  four  tables: — the  first  showing  the 
number  of  fossil  plants  in  each  formation  of  the  earth,  and  the  oum^ 
ber  of  fossil  Ferns  in  proportion  to  that  of  other  plants ;  the  second, 
an  enumeration  of  living  Ferns,  distributed  by  tribes  and  accuiding 
to  the  zones  of  temperature  in  which  they  oocur,  each  zone  indudiog 
a  range  of  ten  d^rces  centigrade  of  average  temperature ;  also  a 
list  of  fossil  Ferns  by  tribes,  showing  the  proportion  of  the  fossil  to 
the  recent  species  known  of  each  tribe.  The  third  table  enumerates 
the  arborescent  Ferns  known  in  a  recent  and  in  a  fossil  •tate,  and 
also  the  MarattiaceaB  known  in  each  of  these  states,  comparing  them 
with  the  total  number  of  Ferns,  recent  and  fossil.  The  fourth  is  m 
list  of  the  recent  Marattiaceae,  distributed  according  to  zones  of  10^ 
of  temperature. 

M.  Coixla  adopts  Adolphe  Brongniart*s  opinion  that  the  tempera* 
tui^  prevailing  during  the  period  of  the  coal-formation  (including 
the  Rothe-todte-liegende)  was  very  high,  and  this  opinion  he  sup* 
ports  especially  by  the  consideration  of  the  great  number  of  Marat^ 
tiaceas  (Psaronii)  found  in  that  formation,  since  the  re^^nt  plants 
of  this  tribe  are  almost  confined  to  the  tropical  regions. 

Charles  J.  F.  Bunbxjrt. 
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I.  Ot^'ho^Saliferous  Deposits.    Salt-Lakbso/* Patagonia 
and  La  Plata. 

Salinas  or  natural  salt-lakes  occur  in  various  formations  on  the 
eastern  side  of  the  continent  of  South  America,  in  the  argillaceo- 
calcareoos  deposits  of  the  Pampas,  in  the  sandstone  of  the  Rio  Ne« 
gro,  where  they  are  very  numerous,  in  the  pumiceous  and  other 
beds  of  the  Patagonian  tertiary  formation,  and  in  small  primary 
districts  in  the  midst  of  this  latter  formation.  Port  St.  JuKan  is  the 
HHMt  southerly  point  (lat.  49^  to  50^)  at  which  salinas  are  known  to  . 
occur*.  The  depressions  in  which  these  salt^lakes  lie  are  from  a 
few  feet  to  sixty  metres  (as  asserted  by  M.  d'Orbigny,  Voy.  G6ol.» 
p.  63)  below  the  surface  of  the  surrounding  plains ;  and  according 
to  this  same  author,  near  the  Rio  Negro  they  all  trend  either  in 
N.E.  and  S.W.  or  in  E.  and  VV.  lines  coincident  with  the  general 
slope  of  the  plain.  These  depressions  in  the  plain  generally  have 
one  side  lower  than  the  others,  but  there  are  no  outlets  for  drainage. 
Under  a  less  dry  climate  an  outlet  would  soon  have  been  formed, 
and  the  salt  washe<l  away.  The  salinas  occur  at  different  eleva* 
tions  above  the  sea;  they  are  often  several  leagues  in  diameter; 
they  are  generally  very  shallow,  but  there  is  a  deep  one  in  a  quarts 
rock  formation  near  Cape  Blanco.  In  the  wet  season  the  whole  or 
a  part  of  the  salt  is  dissolved,  being  re-deposited  during  the  succeed- 
ing dry  season.  In  a  large  salina  northward  of  the  Rio  Negro,  the 
salt  at  the  bottom  during  the  whole  year  is  between  two  and  three 
feet  in  thickness. 

This  salt  rests  almost  always  on  a  thick  bed  of  black  muddy  sand, 
which  is  fetid,  probably  from  the  decay  of  the  burrowing  worms  in- 
habiting it.  [This  mud  in  some  places  rests  on  gravel,  and  in  one 
case  the  salina  is  in  an  alluvial  plain  within  the  valley  of  the  Rio  Ne« 
gro.J  When  I  visited  the  salina  about  fifteen  miles  above  the  town 
of  £1  Carmen  on  the  Rio  Negro  and  three  or  four  miles  from  the 
banks  of  that  river,  the  salt  wa.s  beginning  to  crystallize ;  and  on  the 
muddy  bottom  there  were  lying  many  crystals  of  sulphate  of  soda, 
generally  placed  crossways,  and,  imbedded  in  the  mud,  were  nume* 

*  According  to  Azara  (Travels,  vol.  i.  p.  56)  there  are  salt-lakes  as  far  north  as 
Chaco  (lat.  25*)  on  the  banks  of  the  Vermejo.  The  salt-lakes  of  Siberia  appear 
to  occur  in  depressions  very  similar  to  those  of  FaXaK0futk,^Pallas*9  Travelt,  EnirL 
Tr^  yoL  I  p.  284.  ^ 


1£8  MUCKLLAKIA. 

lom  erjrvtak  of  sulphate  of  lime  from  one  to  three  inches  in  langtk 
Mi  d'Orbigny  states  thai  some  of  these  crystals  are  acicnhuB,  and 
more  than  even  nine  inches  in  length,  others  are  maded  and  of 
great  purity ;  those  I  found  all  contained  some  sand  in  the  centre. 
As  the  black  and  fetid  sand  overlies  the  gravel,  and  thai  overiies 
the  regular  tertiary  strata,  I  think  there  can  be  no  doubt  thai  ilMBse 
remarkable  cr3rstal8  of  sulphate  of  lime  have  been  deposited  from 
the  waters  of  the  lake.  The  inhabitants  call  the  crystais  of  salemte 
padre  M  mI,  and  those  of  the  sulphate  of  soda  madre  ddsttl\  they 
assured  me  that  both  are  found  under  the  same  circumstances  in 
several  of  tlie  neighbouring  salinas,  and  that  the  sulphate  of  soda  is 
annually  dissolved  and  is  always  crystallised  before  the  common 
salt  on  the  muddy  bottom.  The  association  of  gypsum  and  salt  ia 
this  case  appears  to  me  interesting,  considering  how  generally  these 
substances  are  associated  in  the  older  stratified  formations. 

Mr.  Reeks  has  analysed  for  me  some  of  the  salt  from  the  salioa 
near  the  Rio  Negro:  he  finds  it  composed  entirely  of  dilorideof 
sodium,  with  the  exception  of  0*26  of  sulphate  of  lime  and  0^  of 
earthy  matter;  there  are  no  traces  of  iodic  salts.  Some  aalt  from 
the  salina  Chiquitos  in  the  Pampean  formation  is  equally  pure. 

With  respect  to  the  origin  of  salt  in  the  salinas,  the  foregoing 
analysb  seems  opposed  to  the  view  entertained  by  M.  d*Orbigny 
and  others,  and  which  seems  so  probable,  considering  the  recent 
elevation  of  this  line  of  coast,  namely,  that  it  is  due  to  the  evapora- 
tion of  sea-water  and  to  the  drainage  from  the  surrounding  strata 
impregnated  with  sea-salt.  I  was  informed  (I  know  not  whether 
accurately)  that  on  the  northern  side  of  the  salina,  on  the  Rio  Ne- 
grOf  there  is  a  small  brine-spring  which  flows  at  all  times  of  the 
yettr;  if  this  be  so,  the  salt  in  this  case  at  least  is  probably  of  sub- 
terranean origin.  It  appears  at  first  very  singular  that  fresh  water 
oan  often  be  procured  in  wells,  and  is  sometimes  found  in  small 
lakest  quite  dose  to  these  salinas.  I  am  not  aware  that  this  faet 
bears  particularly  on  the  origin  of  the  salt,  but  perhaps  it  is  rather 
opposed  to  the  view  of  the  salt  having  been  washed  out  of  the  sur- 
rounding superficial  strata,  but  not  to  its  having  been  the  residue  of 
sear>water  left  in  depressions  as  the  land  was  slowly  elevatedw— Air- 
wim*s  Smith  America,  1846,  pp.  73-75. 


II.  On  M^  Chemical  Composition  ^Calcareous  Cobals. 

7b  the  Editor  of  the  Quarterly  Journal  of  the  Geological  Socieiy. 

Yale  College  Laboratory,  September  26, 1846. 
Sir, — In  No.  7  of  the  Geological  Journal  (Part  ii.  p.  94)  there  is  a 
short  anonymous  paragraph  quoted  "  from  Silliman*s  Journal,**  **  On 
the  Chemical  Constitution  of  Calcareous  Corals,"  in  which. certain 
analyses  by  the  writer  are  cited,  as  supporting  the  remariiahie 
statement  "that  the  Zoophytes  which  form  these  stony  skeletOBS 
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a  Tery  Important  proportion  of  silica,  and  that  of  the  ntta^ 
tlia  floatet  "*  (should  re^d  Jhtorides)  ^greatiy  exceed  in  amount  thft 
earhonates." 

The  reader  is  left  to  understand,  that  the  ana]3r9es  quoted  are  im 
tetfded  to  represent  the  entire  chemical  constitution  of  the  four 
•peoiet  of  corab  named,  and  if  so,  to  infer  that  carbonate  of  lime  Is 
not  recognized  by  the  analyst  as  an  ingredient  of  corals,  and  that 
iime  M  present  only  as  a  minor  constituent  The  absurdity  of  such 
an  inference  is  so  plain,  that  no  danger  perhaps  exists  of  its  betng 
made ;  and  as  the  name  of  no  analyst  is  given,  on  whose  authority 
so  singular  a  statement  is  based,  there  is  no  probability  of  its  being 
an  injury  to  the  chemical  reputation  of  the  writer.  It  b  however 
for  this  reason  none  the  less  proper  that  so  important  an  error  should 
be  corrected. 

The  original  memoir  on  the  composition  of  calcareous  corals  was 
published  in  the  *  Report  on  Zoophytes '  by  J.  D.  Dana*,  and  has 
since  been  re-published  in  several  scientific  journals f.  Thirty-five 
species  of  corals  were  examined  in  these  researches,  and  the  general 
result  was  that  they  were  composed  as  follows : — 

Average  Constitution  of  Thirty-five  species  of  Corals. 

Carbonate  of  lime 91-00  to  96-00 

Phosphates  and  fluorides  of  lime  and  magO 

nesia,   with   silica,  lime,   alumina   and  >  0*50  to    2*50 

oxide  of  iron J 

Organic  matter 2*70  to    8*30 

Two  sets  of  analyses  were  made ;  one  to  determine  the  genend 
constitution  as  above,  another  to  determine,  by  an  entirely  indepen- 
dent examination,  the  composition  of  that  complex  portion  deno« 
minated  in  the  memoir  as  phosphates  and  fluorides.  It  is  here  that 
the  error  in  question  arises.  You  have  cited  four  of  these  ultimate 
analyses  of  about  1  per  centum  of  the  entire  mass  of  the  coral  zoo* 
phyte,  in  such  a  manner  as  to  leave  it  to  be  understood  that  they 
represented  the  constitution  of  the  entire  mass. 

You  justly  remark  that  these  analyses  suggest  some  interestieg 
investigations  on  the  probable  origin  of  certain  minerals  from  the 
coral  secretions.  Allow  me  to  call  your  attention  to  a  short  paper 
by  Mr.  Dana  in  the  July  number  of  the  *  American  Journal,'  p.  88 
(also  in  the  London,  £d.  and  D.  Phil.  Mag.  for  Sept  1846,  p.  245), 
'*  On  the  Occurrence  of  Fluor  Spar,  Apatite  and  Chondrodite  in 
Limestone.**  This  paper  contains  some  of  the  deductions  which 
naturally  proceed  from  the  coral  analyses  in  question. 

Your  obedient  servant, 

B.  SiLLIMAN,  JUN. 

*  United  States'  Exploring  Expedition  in  the  yean  1838—1842.  Report  on 
Zoophytes,  by  J.  D.  Dana.  4to,  pp.  740 :— p.  712. 

t  American  Journal  of  Science,  March  1846,  p.  189 ;  Jameson's  Bdhibnrgh 
JovnaU  April  1846,  p.  243 ;  Archives  dea  Seienoes  Physiqnes  etNatordles,  Snppw 
a  la  Biblioiheque  UniverseUe,  April  1846,  p.  319. 
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